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DESIGN  OF  AIRCRAFT. 


A.  A.  &dyagin,  S.  M.  Yegar,  V.  F*  Mishin,/  F. 
Fomin. 


I.  Sklyanskiy,  N.  A 


Second  edition,  revised  and  supplemented 
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Page  2. 

In  the  book  are  presented  coiamon/general/total  bases  and  design 
concepts  of  aircraft,  is  examined  the  selection  of  diagram,  power 
plant  and  basic  parameters  of  aircraft.  The  second  edition  includes 
the  new  materials:  the  methods  of  optimum  design  with  use  of 
computers,  the  method  of  the  gradients  of  takeoff  weight  for  the 
evaluation  of  the  designing  solutions  and  conversion  of  weight 
characteristics,  special  feature/peculiarity  of  the  design  of 
aircraft  with  the  shortened  and  vertical  lift,  passenger  and 
aerospace  aircraft. 

Are  considerably  expanded  and  reworked  the  sections,  which 
relate  taking  into  consideration  of  the  requirements  of  saving  and 
for  the  design  of  basic  aggregate/units. 

Application/appendices  to  the  book  are  supplemented  by  the 
characteristics  of  aircraft  engines,  by  standard  combined  weight  and 
enumeration  of  standard  electronic  equipment. 

The  book  is  intended  for  the  students  of  aviation  VUZ  [Institute 
of  Higher  Education]  can  be  useful  for  the  engineers  of  the  aircraft 
industry. 
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PREFACE. 


In  the  years,  which  passed  from  the  time  of  the  publication  of 
the  textbook  of  N.  A.  Fomin  "design  of  aircraft"  (1961)  , 
substantially  grew  the  technological  level  of  aviation  and.  Appeared 
supersonic  heavy  aircraft,  including  passenger,  usual  became  aircraft 
with  on  the  variable  in  flignt  sweepback  of  wing,  are  introduced  VTOL 
aircraft. 

Questions  of  the  design  of  aircraft  within  this  time  also 
obtained  substantial  development.  Widely  is  applied  the  method  of 
optimum  design,  system  approach,  use  of  computers  and  so  forth. 

The  authors  were  aware  xn  the  fact  that  to  write  stable  manual 
on  the  design  of  aircraft  is  extremely  difficult.  Each  decade  in 
aviation  now  whole  epoch  1  Therefore  in  this  took  in  comparison  with 
the  analogous  previous  textbooxs,  considerable  attention  is  given  to 
the  fundamental  systematic  guestions  which  are  not  subjected  to  so 
quick  ageing.  At  the  same  time  the  authors  attempted  to  give  material 
of  reference  character,  necessary  for  license  or  pre- sketching  design 


of  aircraft 
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The  proposed  manual  corresponds  to  the  program  of  course  the 
"design  of  aircraft"  for  VUZ. 

Manual  consists  of  two  sections  -  common/general/total  design  of 
aircraft  and  design  of  its  parts. 

In  the  first  section  of  a  book  three  parts.  In  the  first  part 
are  presented  common/generai/total  bases  and  design  concepts  of 
aircraft.  Here  is  given  the  method  of  the  operation  of  low  increases 
in  parameters  and  characteristics  of  aircraft,  which  makes  it 
possible  comparatively  simple  to  solve  the  large  circle  of  tasks. 

In  the  second  part  rs  examined  the  selection  of  diagram,  power 
plant  and  basic  parameters  of  aircraft.  Primary  attention  is  here 
given  to  the  design  jets.  Separate  chapters  are  dedicated  to  the 
special  feature/peculiarities  of  the  common/generai/total  design  of 
passenger  aircraft,  aircraft  with  shortened  and  vertical  takeoff  and 
landing,  and  also  to  the  design  of  the  aerospace  aircraft. 

In  third  part  one  section  is  examined  layout  and  position  of 
center  of  gravity  in  aircraft. 
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Page  4. 

In  the  second  section  of  manual,  is  given  the  procedure  of 
determining  dimensions  and  Height  of  wing,  fuselage,  tail  assembly 
and  chassis/landing  gear.  Here  are  examined  the  common/general/total 
bases  of  the  design  of  the  aircraft  components  and  basis  of  the 
design  of  the  system  of  its  control. 

Chapters  I,  III,  IV,  V,  VI,  XIV  are  written  by  A.  A.  Badyagin, 
introduction,  chapter VIU.  "XII  XiU  by  V.  F.  Mishin,  chapter  XVII, 

XIX  -  by  F.  I.  Sklyanskiy.  Chapters  XVI  and  XVII  are  written  by  A.  A. 

Badyagin  and  V.  F.  Mishin,  chapter  X  is  written  by  N.  A.  Fomin  and  N. 

K.  Liseytsev,  Chapter  XV  -  d y  N.  A.  Fomin  and  by  V.  Ye.  Rotin. 

All  concrete/specific/actual  information  on  the  design  of 
aircraft  and  the  selection  or  engine  in  the  period  of  the  preliminary 

development  of  aircraft  is  published  in  the  open  Soviet  and  foreign 

press.  The  authors  with  appreciation  will  accept  the  observations 
about  the  book,  which  should  be  guided  tc:  Moscow,  E-66,  1st 
Basmannyy  per.,  3,  publishing  house  "Mashinostroyeniye". 
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BASIC  DESIGNATIONS  AND  ABBREVIATIONS 

a  -  speed  of  sound,  expenditure/consuaptions  per  1 
ton-kilometer; 

a  -  angle  of  attacx  of  wing; 

B  -  track  of  landing  gear; 

b  -  wing  chord,  basis  of  cbassis/landing  gear; 

b0  -  root  wing  chcrd; 

b-  _  end  wing  chcrd; 

C  -  cost/value; 

<7,_-  wing  chord  ratio  in  root; 


c*  ~  thickness  ratio  at  wing  tip; 
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C/*~'  aerodynamic  coefficient  of  friction; 

Cm—  coefficient  of  tne  aerodynamic  pitching  moment  of  wing 
profile; 

c«o  —  coefficient  cm  when  er=0; 

c*  ~  thrust  coefficient; 

<S> 

cp  —  specific  hourly  consumption  of  fuel/propellant  of  TRD 
[turbojet  engine]; 

c*  —  specific  hourly  consumption  of  fuel/propellant  of  TVD 
[turboprop  engine]; 

c*~drag  coefficient; 

c«„  —  drag  coefficient  when  c„=o; 

e*t  —  the  coefficient  of  induced  drag; 

^.—  coefficient  of  wave  drag; 


c*r  ~  coefficient  cf  profile  drag; 
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c»  —  lif t  coefficient; 


c*—  derivative  '  according  to  angle  of  attack  a; 


—  diameter  of  fuselage; 


6  -  angle  of  deflection  of  any  control; 


E  -  modulus  of  normal  elasticity  of  material; 


F  -  area  of  the  washed  ny  flow  surface; 


f  -  coefficient  of  friction,  safety  factor; 


G  -  weight  of  aircraft; 


G0  -  starting  (takeoff)  weight  of  aircraft 


—  structural  weight; 

VT-  0K  .  ,  # 

** the  over-ail  payload  ratio  of  ccnstruction/design 


* 


DOC  =  7-9052101 


PAGE  10 


Gr  —  fuel  load; 

G 

—  the  over-all  payload  ratio  of  fuel/propellant; 

g  -  acceleration  cr  gravity;  the  weight  cf  1  m2  of  the  surface 
of  aggregate/unit; 


y  -  specific  gravity/weight; 


H  -  flight  altitude; 


x-~;  sweep  angle  of  wing  (on  guarter-chord)  ; 


Xn.K  —  sweep  angle  (on  leading  wing  edge)  ; 


K  -  lift-drag  ratio; 


k  -  coefficient; 


L  -  flying  range,  length; 


/  —  wingspan; 


X  -  wing  aspect  ratio; 
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—  elongation  of  any  aircraft  component; 

M  -  Mach  number; 

m  -  mass  of  the  flight  venicie:  bypass  ratio  of  TVRD ; 

m„  m,—  coefficients  of  tne  aerodynamic  moment  of  aircraft  (in 
body  coordinate  system) ; 

N  -  the  total  power  of  engines. 

Page  6. 

N0  -  starting  power  of  engines  (with  V=0;  H=0) ; 

—  starting  power  of  one  engine; 

N«j=No/Go  ~  relative  starting  power; 

HP,  n 3,  nv,  nx,  n,}  n.\,  iie  —  lead  factors; 


number  engine; 
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—  passengers*  guautity; 


P  -  gross  thrust  engine; 


P„  -  the  boost  for  launching  of  engines  (with  V=0;  H=0) ; 


/y  —  the  boost  for  launching  of  one  engine; 


P0=P0/G „  -  starting  thrust-weight  ratic; 


p >.<  -  specific  thrust  of  power  plant; 


p  -  the  specific  wing  load  (p0  -  with  takeoff)  ; 


Q  -  the  hourly  consumption  of  fuel/propellant; 


g  -  ram  pressure,  fuel  consumption  per  kilometer; 


p  -  mass  air  density;  p0  -  in  the  surface  of  sea; 


A= p/po  ~  relative  density  of  air; 
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R  -  radius  of  the  Earth,  radius  of  bank/turn  and  so  forth; 


S  -  wing  area  (with  subfuselage  part) ; 


St—  relative  area  of  any  aircraft  component  (referred  to  wing 

area)  ; 


>1  —  wing  taper; 


n»  —  propeller  efficiency; 


T,  K  -  temperature  in  degrees  Kelvin; 


T  -  the  serviceable  life  of  service;  rescurce/lifetime ; 


t  -  time,  temperature  in  degrees  Celsius; 


0  -  flight  path  angle  to  the  horizon; 


V  -  flight  speed; 


V,„  —  orbital  velocity; 


v„  —  the  vertical  velocity; 
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X  -  aerodynamic  dragj 

A-r  —  position  the  center  of  gravity  of  aircraft  from  leading 
edge/nose  of 


At  -  position  of  the  focus  of  aircraft  from  leading  edge/nose 


of  MAC; 


Y  -  aerodynamic  lifx. 


Contractions. 


VKS  -  aerospace  aircraft; 


VP/  -  takeoff  and  landing  strip; 


GTD  -  gas  turbine  engine; 


DTRD  -  turbofan  engine; 


ZhRD  -  liquid  propellant  rocket  engine; 
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LPS  -  flight  personnel; 

PVRD  -  ramjet  engine; 

PD  -  piston  engine; 

PRD  -  solid  propellant  rocket  engine 

SA  -  standard  atmospaere; 

MAC  -  mean  aerodynamic  chord; 

SPS  -  supersonic  passenger  aircraft; 

TVD  -  turboprop  engine; 

TVRD  -  turbofan  engine; 

TRD  -  turbojet  engine; 

TRDF  -  turbojet  reheat  engine; 


EVfl  -  electronic  computer; 
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UPS  -  boundary  layer  control; 


SVVP  -  VTOL  aircraft; 


3UVP  -  STOL  aircraft. 


Indices. 


▼  -  wave; 


vzl.  -  takeoff  (G0  -  takeoff  weight) 


v.o  -  vertical  tail  assembly; 


g  -  nacelle,  load,  throat; 


g.o  -  horizontal  tail  assembly; 


dv  -  engine; 


i  -  interference; 


k  -  construction/design 
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.ch  -  rolling; 


im  -  Commercial; 


-  wing; 


:eys  -  cruising; 


it  -  critical  (value) ; 


-  aidsection; 


f  -  aidsection  of  fuselage. 


-  initial  value  of  value  (or  with  start) 


load; 


,v  -  climb; 


,z  -  navigational  reserve; 
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ob.upr  -  equipment  and  control; 


onyv  -  the  washed  surface; 


op  -  tail  assembly; 


ost  -  cessation; 


otr  -  breakaway; 


pas  -  passenger; 


pi  -  gliding/planning; 


p.n  -  payload; 


pos  -  landing; 


pot  -  ceiling; 


prerv  -  interrupted; 


priv  -  given; 
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prob  -  landing  run; 


pust  -  empty; 


rasch  -  calculation; 


reys  -  voyaging  speed; 


razb  -  takeoff/run-up; 


ras^h  -  expended; 


rt  -  control; 


rch  -  knob/stick; 


fag  -  the  jettisonable  load  (in  flight) 


sk  -  slip; 


sluzh  -  service; 


sn  ~  equipment; 
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INTRO DOCT ION. 


By  design  of  aircraft,  usually  is  understood  the  process 
development  of  the  technical  materials  (documentation) ,  which  are 
determining  its  technical  flight  characteristics,  diagram  and 
construction/ design  of  separate  agyregate/units. 

Designation/purpose,  operating  conditions  and  technical  flight 
characteristics  of  the  design/pro jected  aircraft  are  determined  by 
client  and  take  shape  in  the  form  of  special  requirements. 

Designing  the  aircraft  encompasses  the  development  of  sketch  and 
worker  of  projects.  The  work  on  the  refinement  of  requirements  for 
aircraft  and  possibility  of  their  accomplishing,  done  prior  to  the 
beginning  of  the  development  of  preliminary  design,  is  called, 
preliminary  (pre-sketching)  design. 

Sketch  design  consists  in  the  development  of  the  fundamental 
characteristics  of  aircraft,  its  aerodynamic  and  design  concepts 
which  make  it  possible  tc  judge  tne  advisability  of  further  design. 
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Into  the  sketch  design  of  aircraft,  enters: 

a)  the  development  of  general  views  and  layout  cut/sections; 

b)  the  abbreviated  development  of  the  construction/design  of  the 
■ost  important  parts  (aggregate/units)  ; 

c)  the  development  of  schematic  diagrams,  systems  of  equipment 
and  control,  and  also  power  plant; 

d)  the  calculation  of  the  force  of  gravity  (weight)  and 
centering; 

e)  aerodynamic  design,  stability  analysis  and  controllability; 

f)  approximate  computation  for  the  strength  of  the  most 
important  aircraft  components. 

Simultaneously  with  the  development  of  preliminary  design  is 
constructed  aircraft  scale  model  full  size.  For  the  examination  of 
mock-up  by  customer  is  assigned  the  board  from  different  specialists, 
including  crew. 


After  the  conclusion  of  simulated  board,  which  examines  and 
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confirms  preliminary  design  and  aircraft  scale  modal,  is 
realize/accomplished  the  final  connecting/fitting  of 
construction/design  with  the  ar ranyement/positi cn  of  control  and 
equipment,  are  more  precisely  formulated  external  enclosures.  Then 
conduct  the  more  complete  crews  of  aircraft  on  strength,  make  and 
blast  in  the  wind  tunnels  of  model  and  according  to  the  results  of 
testings  of  model  in  wind  tunnel  they  more  precisely  formulate 
aerodynamic  design,  stability  analysis,  spin  and  flutter.  On  the 
basis  of  the  results  of  blasting,  is  more  precisely  formulated  the 
airplane  design,  are  performed  the  refined  weight  calculations,  in 
this  case,  are  establish/installed  weight  limits  (greatest  values  of 
the  weight  of  the  structure  of  aircraft  and  its  parts,  the 
permissible  from  considerations  designs)  . 

Page  9. 

Is  working  design  -  this  is  the  concluding  process  of 
development  of  technical  documentation,  working  project  gives  all 
necessary  materials  about  the  technical  flight  data  of  future 
aircraft,  about  his  strenyth  and  reliability;  it  contains  equipment 
specifications  and  all  necessary  information  for  developing 
technology  of  the  production  of  aircraft.  It  must  be  noted  that  is 
working  the  design  of  the  experimental  aircraft  usually  is  terminated 
after  the  constructed  specimen/ sample  of  aircraft  passed  tests. 
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Into  working  design  enters: 

a)  the  development  or  the  assembly  and  detail  drawings  of  the 
construction/design  of  the  separate  aggregate/units  (parts)  of 
aircraft; 

b)  the  development  of  the  general  view  drawings  of  the 
aggregate/units  of  aircraft; 

c)  the  refinement  of  calculations  for  the  strength  of  all 
load-bearing  elements; 

d)  the  refinement  of  the  calculations  of  the  structural  weight; 

e)  conducting  the  research  and  experimental  works,  connected 
with  the  implementation  of  new  construction/designs,  materials,  etc. 

Development  of  the  worKing  project  of  contemporary  aircraft  the 


extremely  labor-consuming  and  complicated  process  whose  accomplishing 
under  force  only  to  the  large  collective  of  the  qualified 
technical-engineering  workers  of  different  specialties. 
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With  experimental  research  works  deal  the  laboratories  of  design 
bureaus  and  scientific  research  institutes.  The  final  stage  of 
experimental  research  works  are  usually  the  static  and  dynamic  tests 
of  construction/design  for  strength,  lifetime,  reliability  of 
separate  aggregate/units  and  systems.  Hydraulic  systems  and  other 
systems  of  equipment,  system  of  control  and  recovery  facilities 
aircrew  in  necessary  order  undergo  bench  tests  under  conditions, 
close  to  operational  ones. 

Entire  immense  volume  of  knowledge,  necessary  for  designing  the 
contemporary  aircraft,  was  accumulated  as  a  result  of  the  more  than 
half  century  work  scientist  different  countries  -  aerodynaaicists, 
material-strength  engineers,  metallurgists  -  and  the  engineering 
practice  of  design,  construction  and  production  of  aircraft. 

Accumulation  of  knowledge  and  engineering  experience  contributed 
to  the  perfection  of  aircraft,  wnich  was  being  accompanied  by  a 
change  in  the  basic  parameters  and  by  an  improvement  in  its 
fundamental  flight  characteristics. 

By  fundamental  aircraft  performance,  is  usually  understood 
maximum  speed  of  level  flight  l/max,  ceiling  Hno t,  maximum  vertical 
velocity  y„max  and  maximum  flying  distance  Imax-  The  basic  parameters 
of  aircraft  include  such  parameters  whose  change  substantially  is 
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reflected  in  the  characteristics  of  aircraft,  namely:  the  takeoff 
weight  of  aircraft  G0,  winy  area  S,  the  specific  wing  load  p0=Go/s* 
horsepower  loading  G„/N  or  thrust-weight  ratio  P0=P0/G0. 

Tables  0.1  and  0.2  depict  the  common/general/total  picture  of  a 
change  in  some  of  these  values  over  the  years  for  heavy  and  light 
aircraft. 

It  is  characteristic  that  one  of  the  fundamental  aircraft 
performance  (the  maximum  speed  of  level  flight)  increased 
continuously  from  year  to  year. 

A  continuous  increase  m  rhe  maximum  speed  of  flight  became 
possible  as  a  result  of  decreasing  the  aerodynamic  drag  of  aircraft 
and  decrease  of  the  load,  which  is  necessary  on  /  hp  of  installed 
power. 

Page  10. 


The  decrease  of  aerodynamic  urag  can  be  reached,  in  the  first 
place,  by  the  aerodynamic  perfection  of  diagram  and  forms  of 
aircraft,  in  the  second  place,  by  decrease  to  the  known  limit  of 
carrying  wing  area  (in  the  latter  case  the  specific  wing  load  p0  is 
increased) . 


DOC  =  79052101 


PAGE  27 


The  most  effective  means  of  the  decrease  of  load  on  1  hp  was  an 
increase  in  the  installed  power  during  the  decrease  of  the  value  of 
its  specific  gravity/weight,  i. e.,  the  ratio  cf  the  weight  of 
installation  toward  its  power  Gc.y/A?max. 

With  an  increase  in  the  installed  power  usually  grow/rose  its 
weight,  and  also  fuel  lead,  necessary  for  achievement  by  given  one  cf 
distance  or  duration  of  flight.  At  the  same  time  grow/rose  the  weight 
of  transportable  ones  by  the  aircraft  of  loads.  All  these  factors, 
and  increased  requirements  for  tne  structural  strength  of  aircraft, 
unavoidably  led  to  an  increase  in  the  takeoff  weight. 

The  decrease  of  the  aerodynamic  drag  of  aircraft  was  achieved  to 
a  considerable  degree  as  a  result  of  the  aerodynamic  perfection  of 
wings,  in  particular  wing  airf oii/prof iles. 

The  perfection  of  wings  occurred  simultaneously  with  the 
development  of  airplane  design,  which  in  30-35  years  underwent 
considerable  changes. 
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table  0.1.  Change  in  the  fundamental  characteristics  and  parameters 
of  heavy  aircraft  over  the  years. 
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Key:  (1).  Year.  (2).  Designation  of  aircraft.  (3).  kg.  (4).  m2.  (5). 
kgf/m2.  (6).  km/h.  (7).  hp.  (8).  kg/hp.  (9).  kg.  (10).  kg/kg.  (11). 
"Gakkel-III”  (Russia).  (12).  MIl*ya  Muroraets"  (Russia).  (13).  Caproni 
(Italy).  (14).  Boeing.  (15).  Stratojet.  (16).  Convair. 

Table  0.2.  Change  in  the  fundamental  characteristics  and  parameters 
of  light  aircraft  over  the  years. 
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Key:  (1)  .  year.  (2).  Designation  of  aircraft.  (3).  kg.  (4).  in*.  (5). 
kgf/m2.  (6).  kra/h.  (7).  hp.  (8).  Jcy/hp.  (9).  kg.  (10).  "Gakkel’-III" 
(Russia).  (11).  Nieuport  (France).  (12).  Martinside  (England).  (13). 
Messerschmidt  (14).  Germany.  (15).  MiG  (USSB)  .  (16).  Lockheed,*  cosa). 
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The  applied  previously  extremely  widely  diagram  of  biplane 
already  since  1925  began  to  oe  displaced  by  the  aerodynamically  more 
advanced  diagram  of  cantilever  monoplane  with  the  thick  wing  profile 
(of  type  of  N.  7e.  Zhukovskiy’s  airfoil/profiles) r  which  had 
thickness  ratio  c=0. 20-0.24. 


Subsequently  the  development  of  wings  followed  already  by  means 
of  the  gradual  decrease  of  the  thickness  ratio  of  their 
airfoil/profiles  (Fig.  0.1).  Tendency  toward  decrease  of  c  of  wing 
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profile  is  explained  by  the  fact  that  with  decrease  of  c  decreases 
profile  and  wave  wing  drag.  Figures  0.2  show  a  change  in  the  total 
coefficient  of  profile  and  wave  drag  cx  (when  cy=0)  wing  in 
dependence  on  c.  Especially  sharply  change  c  in  the  airfoil/profile 
affects  the  value  of  wave  wing  drag,  which  appears  with  speeds,  close 
to  the  speed  of  sound  (curve 

Transfer /transition  from  tne  diagram  of  wing  in  the  form  of 
multi-stand  biplane  cell  (Fig.  0.3a)  to  the  cantilever  wing  of  first 
thick  (Fig.  0.3b),  and  then  fiae/thin  airfoil/profile  (Fig.  0.3c) 
contributed  to  the  aerodynamic  perfection  of  wing  and  decreased  its 
overall  height  h.  A  change  in  the  overall  height  substantially 
affects  by  weight  of  wing.  With  the  decrease  of  the  overall  height  of 
wing  h,  increase  the  fcrces,  received  with  tending  by  the 
cell/elements  of  longitudinal  wing  skeleton,  and  thereiore  increases 
the  weight  of  its  structure.  The  application/use  of  fine/thinner 
airfoil/profiles  must  be  it  was  lead  to  a  considerable  increase  in 
the  over-all  payload  ratio  of  wing  constructicn,  i.e.,  relation  G„p/Go. 
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1930  19*0  1350  it, 

C  o 


Fig.  0.1.  Change  in  thickness  ratio  c  of  the  nonoplane  cantilever 
wing  over  the  years. 


Key:  (1).  yr. 


Fig.  0.2.  Change  in  coefficient  of  profile  and  wave  drag  c*p+„  in 
dependence  on  thickness  ratio  with  M<<1  and  with  M=1  (c„=o) 


Fig.  0.3.  Diagrams  of  wings:  a)  auiti-stand  biplane;  b)  cantilever 
monoplane  with  thick  wing  (ratio  of  overall  height  toward  semispan 
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mm 

i  v# 

■% 

h/t=0.06) ;  c)  cantilever  monoplane  with  fine/thin  wing  (ratio  of 
overall  height  toward  semispan  h/  |f=0.  035) . 

Page  12. 

In  actuality,  as  shows  statistics,  the  over-all  payload  ratio  of 
the  cantilever  wings  net  only  aid  not  increase,  but,  on  the  contrary, 
it  acquired  tendency  tewaru  certain  decrease.  This  fact  is  explained 
by  the  following  reasons: 

1)  by  the  increase  in  the  specific  wing  load  p0r  which  occurred 
in  the  development  of  aircraft  construction: 

2)  by  a  gradual  increase  in  tne  specific  strength  of  the 
materials,  used  in  the  construction  of  the  aircraft: 

3)  by  transfer/transition  to  the  more  rational  structural 
load-bearing  diagrams  or  wings,  and  also  by  perfection  of  the  methods 
of  the  stress  analyses  of  aircraft. 

An  increase  in  the  load  on  wing  p0  sufficiently  substantially 
affects  a  reduction/descent  in  tne  over-all  payload  ratio  of  wing. 

Figures  0.4  show  that  curved  Gl!p/G0—Hp0)t  obtained  as  a  result  of 
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processing  of  statistical  data  on  lighters  with  approximately  equal 
by  the  values  of  elongation  \,  tmekness  ratio  c  and  load  factor  nA. 

The  mechanical  properties  of  the  materials,  which  were  being 
applied  in  aircraft  construction*  with  years  improved.  The 
characteristic  (criterion),  wnicn  uefines  in  the  first  approximation, 
advantages  of  material  in  ratio  oy  weight,  it  can  be,  as  is  known, 
its  specific  strength  a/yl. 

FOOTNOTE  l.  Specific  strength  wita  elongation  characterizes  the 
degree  of  the  advantage  of  the  applicat ion/use  of  material  for 
aircraft  construction.  Usually  during  the  determination  of  the  value 
of  specific  strength,  accept  dimensionality  a  in  kg/mm2  and  y  in 
G/cm3.  ENDFOOTNOTE. 

The  greater  the  specific  strength,  the  more  favorable  material  for 
application/use  in  construction/design.  The  specific  strength  of 
aviation  materials  steadily  is  increased. 

As  a  result  of  an  increase  in  the  specific  wing  load,  increases 
in  the  specific  strength  of  materials,  perfection  of  the  design 
concepts  of  wings,  methods  for  calculations  and  testing  for  designers 
it  was  possible  during  a  consideraole  reducticn/descent  in 
aerodynamic  wing  drag  to  preserve  its  over-all  payload  ratio 
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approximately  at  one  and  the  same  level. 


The  decrease  of  aerodynamic  wing  drag  in  the  total  resistance  of 
aircraft  was  achieved  net  oniy  as  a  result  of  transfer/transition  to 
the  diagram  of  monoplane  and  decrease  of  thickness  ratio  of  wing,  but 
also  as  a  result  of  the  continuous  perfection  of  the  form  of  wing 
airfoil/profiles. 


Large  role  in  the  decrease  of  aerodynamic  wing  drag  played 
different  means  of  its  mechamzation/high-lif t  devices  (flaps,  flaps, 
etc.) ,  which  made  it  possioie  to  substantially  increase  the  specific 
wing  load  without  a  consiueraoie  increase  in  the  landing  speed  of 
auto/self-ku  by  wing  without  a  considerable  increase  in  the  landing 
speed  of  aircraft.  One  should  note  also  that  an  increase  in  the 
specific  wing  load  became  possirle  because  of  the  perfection  cf  the 
landing  equipment  of  aircraft  (application/use  cf  wheel  brakes, 
diagrams  of  nose-wheel  landing  gear,  etc.),  with  which  was 
allow /assumed  certain  increase  in  the  landing  speed. 
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Fig.  0.4.  Dependence  of  the  over-all  payload  ratio  of  wing 
construction  GKt,/a0  on  tne  specific  wing  lead  p0  of 
fighter-monoplanes,  obtained  as  a  result  of  treatiny  the  statistical 
data. 

Key:  (1)  .  kgf/m2. 

Page  13. 

Fight  for  the  decrease  of  tne  aerodynamic  drag  of  aircraft  was 
conducted  not  only  according  to  the  line  of  a  reduction/descent  in 
wing  drag,  but  also  along  tne  line  of  a  reduction /descent  in  the  drag 
of  other  aircraft  components  (fuselage,  engine  nacelles, 
chassis/landing  gear,  lamp/ canopies,  superstructures) .  Especially 
great  work  conducted  on  tne  decrease  of  drag  of  power  plants.  Won 
acceptance  the  cowlings  of  air-cooied  engines  with  improved 
aerodynamics,  the  ducted  radiators  for  cooling  water  and  oil, 
arrange/located  in  fuselage  or  in  wing. 



Tt1--  g  g u  :: 
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Since  1931  the  designers  oegan  to  use  extensively  retractable 
landing  gear. 


In  proportion  to  tne  perfection  of  technology  of  the  manufacture 
of  aircraft,  became  possioie  an  improvement  in  the  quality  of 
finishing  its  external  surfaces-  For  the  laminarized  enclosures  this 
gave  considerable  effect  m  a  reduction/descent  in  the  frictional 
resistance. 


Measures  described  aoove  made  it  possible  to  considerably  lower 
the  drag  coefficient  of  entire  aircraft  c*o  {Fig.  0.5)despite  the 
fact  that  its  value  witn  an  increase  in  the  specific  wing  load  p0 
must  grow/rise1. 

FOOTNOTE  1 .  Change  p0  differently  affects  the  resistance  of  aircraft 
and  drag  coefficient  <•„,  namely  increase  p0  always  conducts  to 
increase  whereas  X  with  increase  p0  at  first  decreases,  and  then 
at  sufficiently  large  values  p0  it  begins  to  increase.  EivDFOOTNOTE. 

From  1915  through  1950,  i.e.,  in  35  yearr  ,  the  value  of  this 
coefficient  was  lowered  from  0.0j3  to  0.015  (at  subsonic  flight 
speeds)  . 
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In  parallel  with  the  perfection  of  aircraft  itself  occurred  the 
perfection  of  aircraft  engine.  For  an  improvement  in  the  aircraft 
performance,  it  was  necessary  to  increase  the  power  of  engine,  to 
decrease  its  specific  aravity/weignt,  to  increase  height,  i.e.,  to 
retain  power  up  to  possible  the  nigh  altitudes,  and  to  decrease  the 
specific  fuel  consumption. 

An  increase  in  the  power  or  piston  engine  is  connected  with  a 
gain  in  weight  of  the  power  plant  of  aircraft2, 

FOOTNOTE  2.  Into  the  power  plant  or  aircraft,  enter:  engines  with 
attachment  and  screw/propellers,  tnrottle  circuit,  of  lubrication 
system  and  fuel  feed  witn  tames,  coolers,  cowlings.  ENDFOOTNOTE. 

If  the  power  which  they  want  to  ootain,  it  is  very  great,  then  the 
weight  of  power  plant  so  increases  that  the  application/use  of  a 
piston  engine  proves  to  be  inexpedient. 

In  order  to  avoid  this,  should  be  created  more  light  power 
plants  (SU)  ,  than  installation  wxtn  piston  engines  (PD)  .  As  a  result 
of  investigations  and  development  work,  such  a  SU  was  created  on  the 
basis  of  turbine  jet  engines  (THD)  . 
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The  weight  advantages  or  power  plants  with  TRD  in  comparison 
with  installations  with  PD  become  are  especially  clear  during  the 
comparison  of  the  specific  yravity/weight  of  these  installations, 
i.e.,  weight  on  1  kg  of  the  engine  thrust  under  conditions  for  flight 
in  the  earth/ground  at  difrerent  speeds  (table  0.3). 

Large  specific  gra vity/weignt  of  power  plants  with  PD  and 
adverse  characteristic  cf  tms  type  of  engine  on  speed  and 
height/altitude  conditioned  the  practical  limit  of  the  maximum  speed 
of  "piston"  aircraft  approximately  into  750  km/h. 
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Chapter  II. 


Basic  and  relative  parameters  or  aircraft,  equation  of  relative 


weights.  The  effect  of  tn<=  most  important  parameter.'  of  aircraft  on 


its  flight  characteristics. 


Most  important  tasti  of  tue  design  of  aircraft  -  determination  of 


its  basic  parameters:  taKeofr  weignt  G0 ;  wing  area  S:  thrust  p0  or 


power  N o  of  the  power  plane,  required  for  obtaining  the 


assigned/prescribed  flignt  characteristics.  These  parameters  serve  as 


initial  values  for  developing  entire  project  of  aircraft,  and  their 


correct  selection  causes  optimum  technical  indices  and 


flight- performance  data  of  aircraft. 
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In  certain  cases  during  uesign  to  more  conveniently  use  the 


relative  parameters:  the  speciric  load  on  wing  area  p0=(5o/s;  fcy 


thrust- weight  ratio  Po  =  l*o/^oi  Dy  tue  thrust,  in  reference  to  wing 
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area  P0/ S;  by  load  on  power  gq/Nq. 

§1.  Equation  of  the  over-ail  payload  ratios  of  aircraft. 

The  complete  (takecxx)  weight  of  aircraft  is  composed  of  several 
differing  in  their  special  xeature/peculiarities  parts 

Gq  =  0K  "t  Oe.y  “t"  Gy  “I"  Gc,3.t% 

where  G,(  -  a  weight  of  tne  structure  of  aircraft;  G c.y  -  weight  of 
power  plant;  0'T  -  fuel  loaa;  Gc.8.r  -  weight  of  equipment,  equipment, 
crew  and  cargos. 

Value  Ok  depends  cn  tne  row/series  of  the  parameters  of 
aircraft  and  its  parts,  mainly,  from  the  specific  wing  load  p0,  from 
wing  aspect  ratio  X,  from  the  coefficient  of  calculated  overload  , 
from  the  weight  of  aircraft,  etc.  Value  G c.y  depends  on  weight  per 
horsepower,  on  the  thrust  level  ox  aircraft,  on  the  weight  of  tanks 
and  so  forth;  -  from  tne  specixic  consumption  of  fuel,  distance 
of  aircraft,  from  its  cruising  speed,  from  the  weight  of  aircraft, 
etc.  Value  Gc.8.r  it  is  direct  witn  with  the  parameters  and  the 
characteristics  of  aircraft  ana  wi-ch  its  weight  it  is  not  connected 
and  is  determined  depending  on  the  aircraft  type  and  its 
desig  nation/purpose. 
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If  we  divide  both  parts  ox  tne  given  equality  to  G0,  then  will 
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where  P  -  a  full  thrust  of  tne  power  plant  of  aircraft  at  the  given 
height/altitude  H  at  speed  Vmax; 

S  -  a  wing  area; 

cx  -  the  coefficient  of  tne  arag  of  aircraft  at  speed  K-naxl 

P-=  P/G 0  -  available  thrust-weight  ratio  of  aircraft  with  flight  at 
height/altitude  H  with  a  speed  of  Vmax; 

A=p/p 0  -  relative  density  or  air  at  height/altitude  FI. 

Page  28. 


The  thrust  of  jet  engines  {T ft u  and  PVRD)  depends  on  speed  and 
flight  altitude.  During  an  increase  in  the  velocity  of  flight  V  and 
of  the  corresponding  to  it  i’lach  number  (V=aH,  where  a  -  speed  of 
sound),  the  thrust  of  engines  P  at  speeds  rt^0.5  somewhat  decreases, 
and  then,  in  dependence  on  tne  parameters  of  engine,  it  grow/rises, 
after  which  on  large  Mach  numuers  sufficiently  sharply  it  falls.  In 
the  initial  stage  of  the  design  of  aircraft,  it  is  convenient  a 
change  in  the  thrust  to  guage  cy  tne  curve/graph  of  coefficient 
£  =  P/P0,  where  P0  -  the  starting  (in  work  on  the  spot)  thrust  (for  TRD 
-  with  M=0)  .  The  exemplaiy/appr cxnnate  curve/graph  of  change  £  in  .1 
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for  H^IIOOOm  is  given  iu  fig.  2.1.  Thus,  the  thrust  of  all 
engines  at  any  speed  with  d=0  can  be  expressed  thus: 

A  change  in  the  thrust  cf  TKb  in  height/altitude  H  occurs  in 


accordance  with  the  foruula 



where  the  exponent  e  at  neignts  HO 1  OCO  rrt  somewhat  lesser  than 
unity  (e«=0,85— 0.9),  and  at  heignts  #^11000  m  it  is  equal  to  unity. 
Subsequently  presentation  will  oe  oy  larger  part  examined  the  tasks, 
connected  with  flight  at  neignt/dltit ud es  H>11  000.  Consequently, 
expression  for  the  engine  thrust  at  any  speed  and  at  any 
height/altitude  H>11  00C  it  is  possible  to  write  thus: 

P=m£P0A, 

where  m  -  the  numerical  coefncient,  determined  by  the 
change-in-thrusi  pattern  at  neignt/altitudes  //<U  000  m,  <a.nrl  5=f(M) 
it  will  have  identical  character  for  engines  with  the  similar 
parameters. 


After  dividing  both  parts  or  this  equality  to  G0  and  after 


accepting  e=0,85  and  m=1.2,  we  will  obtain 

•  i\ 

JVM  H  <  11 000  M  P=5A0,“P0; 

Stw  11000  M  P=1,2$AP0, 

Key:  (1)  .  for . 
where  Pn=P0/G0. 


(2.2) 

(2.2') 
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Fig.  2.1.  Dependence  5  (ratio  of  thrust  level  in  flight  P  toward 
thrust  in  work  on  the  spot  P0)  froai  speed  for  TRD  (degree  of  an 
increase  of  the  pressure  in  compressor  n„=6,  the  terr. perature  of  the 
gases  before  turbine  T3-1200°,  height  H>1 1  000  yv)J|  •  1  -  without 

taking  into  account  entry  loss;  2  -  taking  into  account  entry  loss 


Page  29. 

After  substituting  into  formula  (2.1)  obtained  expression  (2.2'), 
us  be  able  to  write  for  heignt/altitudes  //^sIIOOOm 

15,7  KM/H, (2.3) 

Key;  (1)  .  km/h. 


or  _ 

Mm»x  =  0,0148  j/ ; 

for  height/altitudes  //<11000  m 


(2.3') 
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14,4|/mM5  km/h, 

(2.4) 

fl/f  _  4  t  f 

"*  ay  cx\ °*,s  ’ 

(2.4') 

Key:  (1) .  km/h. 

where  a  -  speed  of  sound  at.  heijnts  #<11  000m. 

In  this  case,  cx=cxo+cXi=cxo+D0cv2, 


where 


Ceiling. 


Dn=- 


For  aircraft  with  I  no,  static  ceiling  Hn  o-r  is  determined  by  the 
value  of  relative  density  on  ceij-ina,  which  can  be  obtained  according 
to  the  formula 


Aunt 


_  1,66  V  DqCjcq 


of  that  escape/ensuing  from  ocvious  equality  P=~~.  Utilizing  (2.2’) 

^max 

and  setting  ^max=*(  — 1  —  0,5IVD0cx\  we  will  obtain  formula  (2.5). 

\  cx  ) mix 


Vertical  rate  of  climb. 
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l/,m„=l,53l/ -E&SZM-,  (2.6) 

V  ex . 

or  for  an  engine  with  afterburning 

^  l/nax  —  1,53 

where  Aw  -  a  thrust-weignt  ratio  with  afterburning. 

Maximum  range  at  speed  V^peftc 

The  work,  produced  by  the  engine  thrust  in  flight  of  aircraft  to 
distance  of  L,  can  be  expressed  thus: 

1.53  Pc-L, 

where  Pcp  -  average  thrust  on  way  of  L. 

Page  30. 


This  same  work,  expressed  through  mechanical  heat  equivalent  of 
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the  burned  down  f uel/prcpellaut ,  is  determined  by  the  expression 

U=\‘tfG,H  No¬ 
where  Hf-  fuel  heating  value; 

GT  -  weight  of  the  turned  down  fuel/propellant; 

7)()  -  overall  efficiency  or  power  plant. 

After  equating  the  rigut  lots  of  the  obtained  expressions,  let 
us  find 

/  _  W1*1***  (2.7) 

i\v 

whence,  in  particular,  is  visible  the  dependence  of  distance  L  on 
calorific  value  // T.  Foruula  (z.7),  however,  cannot  serve  as  basis  for 
the  examination  of  the  errect  or  different  parameters  of  aircraft  on 
its  distance  and  therefore  let  us  turn  to  the  detailed  analysis  of 
following  formula  [13]  for  aircraft  with  jet  engines  (TRD  and  PVRD)  : 

Oo 

A —3,6  f  —  —  K  km,  (2.8) 

a, 

where  V  -  a  speed  in  m/s. 

c,,  -  specific  hourly  consumption  of  fuel/propellant  in  kg  per  1 


kg  of  thrust; 
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G i  -  weight  of  aircraft  at  the  end  of  the  way;  if  we  consider 
that  in  way  the  weight  changes  cuiy  due  to  the  fuel  consumption,  then 

0,  =  6'o  -  0T. 

During  the  design  or  aircraft  large  interest  is  of  the  maximum 

flying  distance.  It  is  envious  tnat  for  achievement  of  maximum  range 

it  is  necessary  that  in  the  assigned/prescribed  ratio  G^Go  product 
J_  Sjlw 

Ct'cx  in  formula  (2.8)  wouia  nave  maximum  value.  Let  us  explain, 
under  what  conditions  expression  —  —  V  has  a  maximum.  Let  us 

£p  Cx 

examine  for  this  the  factors,  wmen  affect  the  entering  it  values. 

From  theory  of  TRD,  it  is  Known  that  the  specific  fuel 
consumption  depends  on  rligut  speed  V,  height/altitudes  H  (or  A)  and 
the  degree  of  throttling/cnoKing  engine  (or  number  of  revolutions  n)  . 
Graphically  these  dependence.,  ae  represented  in  Fig.  2.2.  As  can  be 
seen  from  this  curve/grapn,  cp  with  increase  V  increases  (see  Fig. 
2.2a)  ,  with  an  increase  in  the  height/altitude  to  //=11  000  m  —  it 

is  gradually  decreased,  at  heignts  /f>llOOOMCp  ^  remains  the 
constant  (see  Fig.  2.2b). 

During  throttling/choKing  oi  engine,  i.e.,  during  gear  dewn  n, 
cp  noticeably  it  changes,  at  nrst  decreasing,  in  this  case  minimum 
value  cp  it  is  reached  at  the  small  degree  of  throttling/choking  on 
the  so-called  cruise  setting  oi  engine,  and  then  rapidly  increasing 
(see  Fig.  2.2c)  . 
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CV  1 
0 


V 


a) 


V=const 


Fig.  2.2.  Dependence  cp  on  speed  V  (a),  height/altitude  H  (b)  and 
number  of  revolutions  cf  Tan  u  (c)  for  single-flow  engines. 
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The  value  of  relation  cylcx  depends  on  flight  conditions,  i.e., 
from  coefficient  c„ ,  on  whien  is  accomplished  the  flight.  The 
expression,  which  is  determining  cv,  can  be  obtained  from  the 
relationship/ratios 

.£#.  _  £0  .  £o _  1 

«.r  P  '  P  ~~p  ' 

whence  c«  — —  • 

P 


Replacing  in  this  eguality  cx  by  its  expression  through  cx„  and 
D0cl,  we  will  obtain 


whence 


_  CX0  +  °0  Cll 

P 


(2.8') 
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After  substituting  expressions  for  (2.2)  and  (2. 2')  into  formula 
(2.8*  )#  we  will  obtain 


p0$A°>85 


2  D0 

O,6P0U 


1  f  /fraA1|T 

V  4D* 


— (H  <  11000  m); 
Do 


Do 


Y- 


36P^2A2  c 


x„ 


Dn 


Do 


(H>  11  000  m). 


These  formulas  show  that  cv  depends  on  "p0,  height/altitudes  H  (or  A) 
and  from  the  flight  speed  V,  from  which  in  turn,  depend  c.v0,  and  at 
supersonic  speeds  and  D0. 


Figure  2.3  depicts  tne  curve,  which  gives  the  representation  of 
the  character  of  change  c„  m  the  level  flight  in  height/altitudes 
in  cruise  setting  of  TRD .  It  is  ouvious,  cv  cn  ceiling  tfn0T  will 
achieve  greatest  value  cvhot=cvopU  its  value  when  Kmax-  With  the 
decrease  of  height/a ltituae  h,  coefficient  cv  decreases  and 
respectively  decreases  guality  cy/cx. 


* Cv  CKSw-  -  *  -4 


— - -----  'sxssisitg&s 
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Fig.  2.3.  Change  c„  in  tae  level  flight  with  the  completely  open 
throttle/choke  of  TRD  in  dependence  on  height/altitude  H  (//„»  -  the 
most  advantageous  height/alticude)  . 


Hkm 


Fig.  2.4.  Character  of  change  m  maximum  speed  in  dependence  on 
heigh t/aJ tituda  H:  1  -  transonic  aircraft;  2  -  supersonic  aircraft 

Key:  (1)  .  km/h. 

Page  32. 


rJX&t&sSa’a v arr~£S r:  . 


-a-  , 





DOC  =  79052102 


PAGE 


The  speed  of  level  flight  Vmax  at  given  height/alti tude  for  an 
aircraft  with  TRD,  as  noted,  can  be  expressed  by  formulas  (2.3)  and 
(2.4)  . 


After  using  values  cx  of  aircraft  in  blasting  or  approximate 
computation  and  by  the  curves  of  the  dependence  of  coefficient  ?  on 
speed,  it  is  possible  tc  graphically  determine  the  speeds  of  level 
flight  at  different  height/altitudes. 


In  this  case  for  the  row/series  of  the  selected  height/altitudes 
in  the  range  from  H  =  0  tc  tl=1lCCO  rr>,  being  assigned  the  value  of 
speeds  V3an.  we  determine  corresponding  to  them  values  cx  and  £  and, 
substituting  in  formula  (2.4),  we  rind  values  V'hct.  through  which  we 
plot  a  curve  in  coordinates  ana  V\,CT.  Then,  utilizing  formula 
(2.3)  ,  let  us  perform  the  same  operation  for  heights  //>  1 1  000  M- 
For  each  selected  he igh t/aitituue  we  will  obtain  curve/graph  in 
coordinates  V33g.  and  VttCr-_  After  conducting  on  each  curve/graph  from  the 
origin  of  coordinates  ray/neam  at  an  angle  of  45°,  we  will  obtain  in 
the  point  of  intersection  or  ray/neam  and  curve  V  value  of  speeds  V 
at  the  selected  height/alntudes  ri. 


Figure#  2.4  give  typical  curved  changes  in  the  height/altitude 


w-  ‘  ,  ,'“  r *<l»  ._*  «.'  •*'  ‘'v  '  T*  «-■•-  -  - f y  -  *■-  ik  ■*  * 
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of  maximum  speed  for  sucsonic  ( 1)  and  supersonic  (2)  aircraft.  For 
both  aircraft  types  characteristic  is  an  increase  in  the  speed  in  the 
height/altitudes  to  7/=11000m. 


On  the  basis  of  afcresaia  mgner  for  aircraft  with  TRD  are  valid 
the  following  conclusions: 


a)  the  specific  consumption  of  fuel  cp  with  an  increase  in 
altitude  to  H=11Ck%3  m  decreases  and  at  heights  f^yilOOOm 
becomes  the  constant  (see  Fig.  r.2); 


b)  coefficient  cv,  wmcn  corresponds  to  level  flight,  with  an 
increase  in  height/altituae  H  increases  to  c„opt  (see  Fig.  2.3), 
reaching  this  value  on  tne  static  ceiling.  Together  with  c„  with  an 
increase  in  altitude,  increases  aircraft  guality/f ineness  ratio  cv/cx, 
which  on  ceiling  takes  the  maximum  valuej 


c)  the  speed  of  the  level  riiyht  V  with  an  increase  in  altitude 
to  H=11  000  m  increases. 


Taking  into  account  tne  given  conclusicn/der ivations,  it  is 
possible  to  confirm  that  prouuct  J-l!Lyt  flying  range  reach  maximum 

Cp  Cjf 

value  at  heights  /y>ii  000M. 


<r.r  *- 
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Assuming  that  the  specinc  cousumption  of  fuel  Cp  for  heights 
7/<11000  m  can  be  expressed  tnus: 

cps<{iA*Cp0, 

where  ^  =1 . 05  *0. 1M+0 . 05/'!*  is  considered  approximately  the  effect  of 
Mach  number  of  flight  in  tne  range  from  0.8  tc  3.0  on  specific  hourly 
consumption; 

A  -  relative  density  of  air; 

£  =  0,12; 


Cpo  -  starting  specific  expcnaiture/consumption  (M=0;  H=0)  ,  we  can 
for  H>1  1  000  m  write 

Cp=0,863tCp„, 

i.e.,  at  heights  H>11  er  OuO  m,  specific  expenditure/consumption  does 
not  depend  on  height/altitude. 

Formula  (2.8)  now  can  ns  untamed  in  the  following  form; 


Page  33. 

Keeping  in  mind  that  on  a  cnange  in  weight  G  does  not  depend, 

CX 

let  us  integrate  this  expression,  ny  assuming  that  Gi=*G0—Gr,  V=const: 
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Z.=4,l7—^—  V  In  — ■ , 

*«p.  °o-Ot 

Z.=4,17  — —  V  In - -  .  (2.9') 

4*Po  c*  i_Gt 

The  maximum  value  cr  distance  L, will  occur  at  maximum  value 


Substituting  for  V  expression  (2.3),  we  will  obtain 

£E-V'«=15,7-^rV,p0P"^' 

4,S 

whence  it  follows  that,  since  value  p0P0  for  this  aircraft  can  be 
accepted  constant/in  vanaole  l—V)  ,  it  will  occur  when 

\  *x  /max 

Consequently,  for  obtaining  maximum  range  1-max  aircraft  with  TRD  must 
fly  under  the  conditions  during  which  ("TJ'S05)  • 

V  ex  /max 


Let  us  determine  cv,  which  corresponds  tc  this  conditions/mode. 

/  cts'  \ 

It  is  obvious,  maximum  range  will  re  obtained  when  (  *  )  After 

l  T&tUn 

elevating  this  fraction  into  uegree  of  2/3  and  utilizing  an 
analytical  expression  or  tne  polar 


(2.10.) 

(2.11) 


For  a  subsonic  aircraft  tn<=  coe rncient  5  in  speed  varies  little  and 
it  is  possible  in  the  first  approximation,  to  accept  5 — 1,  and 
D0=— —  =cons1  and  cx  depends  oniy  on  cv.  Let  us  differentiate 

JUj*, 
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expression  (2.11)  on  cv,  will  utaxe  equal  to  zero  and  we  will  obtain 
advantageous  value  cVB b  icr  conaxtions/mode  Lmtx. 

cu»*~  1,252  y  i.i(pcXo. 

Value  cv opt,  which  corresponus  to  maximum  quality,  as  is  known,  it  will 
be  equal  to 

cv  opt  “  =  1)773  l/\<t>c.r0»  (2.12) 

Consequently, 

_  1 ,252ey  opt 

J  JJQ  Vy/  lc^opt* 

Thus,  goal  flight  cr  subsonic  aircraft  must  be  conducted  under 
the  conditions,  by  which  cvhb=0,71  c„0pt,  but  height/altitude  //„„  is 
somewhat  less  H noi  (see  Fig.  2.3)  xn  the  engine  operation  in  cruise 
setting. 

Page  34. 

Substituting  (2.12)  into  tne  theoretical  expression  of  polar 
(2.10),  we  will  obtain  alter  simple  conversions  value  c*Ub  for  the 
conditions/mode  of  maximum  range 

^ X  HB  ==  ljSCjf,,. 

In  transonic  rate  cr  speed  (tf~~0.8- 1. 3)  the  coefficient  E 
noticeably  changes.  Furthermore,  in  this  range  c*o  and  D0  depending 
on  speed  undergo  considerable  cnanges;  therefore  for  a  transonic 
aircraft  the  determination  or  value  cu  of  the  conditions/mode  of 


I 


I 



% 

?- 


I 


(tn 


it  can  be  carried  out 


maximum  range,  i.e.,  conditions/moae 
in  a  following  simple  graphic  manner.  Having  a  polar  of  aircraft  on 
blasting  or  according  to  tne  data  of  approximate  computations  for 
speeds  in  the  range  M — O.d-I.J,  we  plot  a  curve  Cx=*cx( M)  for  the 
row/series  of  heights  //>11  000  m  i  (Fig.  2.5).  Then  to  this  same 

curve/graph  it  is  applied  curve  Cp=cp( M)  for  H >  1 1  000  m,  calculated  by 
the  formula 


r  Sq  (aM)2 

Curve  Cp=cP(M)  we  construct  for  this  value  of  thrust-weight 
ratio  P0  so  that  it  would  intersect  curves  in  transonic 

speed  range.  Values  £  we  find  iron  curve/graph  5=E(M),  then  the 
points  of  intersection  of  curves  c*=c*(M)  and  Cj>=cp(M)  will  correspond 
to  flight  speed  M  at  different  neight/altitudes  H.  Now,  knowing  M,  it 
is  possible  for  each  of  tne  undertaken  height/altitudes  to  find 
values  cv  from  the  foruuia 

_  16/7q 


a  (aM)2 


and,  therefore,  to  determine  corresponding  to  them  qualities  — . 

c  r 


Further  let  us  calculate  ror  the  row/series  of  values  cv  of 


value  ~V  and  let  us  construct  curve  V  depending  cn  cv  <(Fig. 
cx  <>x 

2.6)  » . 


FOOTNOTE  1 .  Figure#  2.6  as  an  example  give  curve  for  a  hypothetical 
transonic  aircraft.  ENDFCOTKuTfi. 
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Fig.  2.5.  Determination  of  dependence  c*  on  M  from  different 
height/altitudes  for  of  an  assignea/prescribed  engine  (auxiliary 
construction  for  obtaining  me  dependence,  given  in  Fig.  2.6)  . 


0  0,1  0,7  0.3  a*  0.5  0,S  Cy 


Fig.  2.6.  Dependence  —  V  on  tor  determination  c».  corresponding 

cx 

to  most  advantageous  flight  conditions  to  maximum  range. 
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With  the  aid  of  this  curve  let 


us  determine  coefficient 


to  which 




DOC  =  79052102 


PAGE 


it  corresponds 


[?A 


and  in  this  case  let  us  ascertain  that  Cy  BB — Opt* 


ft  ' 


Consequently,  in  transonic  zone  the  most  advantageous 
conditions/mode  for  flight  iwith  11/const)  will  be  the  conditicns/mode 
of  maximum  quality,  i.e.,  for  acnievement  Lmax  flight  must  occur  with 

CU  —  CU  opt* 

If  the  flight  of  transonic  aircraft  occurs  at  the  speed,  at 
which  appears  sufficiently  noticeaule  wave  drag,  then  conditicns/mode 
when  Cyopt  with  the  completely  open  throttle/choke  due  to  a  sharp- 
increase  in  the  wave  drag  oecouies  unfavorable  and  maximum  range  is 
obtained  during  certain  throttiing/choking  of  engines,  greater  than 
in  cruise  setting. 


For  supersonic  zone  cvn B  it  is  possible  to  find  by  graphic 
method  so,  as  this  is  described  auove. 


The  results  of  determination  from  this  method  cVHb  show  that 


maximum 


[?/) 


occurs  with 


Cy  UK —  0,73^  „pt, 


i.e.,  it  is  possible  tc  approximately  consider  that  the 


conditions/mode  of  maxinum  range  for  a  supersonic  aircraft  is 


P&vjSjpf  •  C'^i^?'^,iiTx2'  ^4*^ 
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analogous  to  the  condi tious/mode  of  the  maximum  range  of  subsonic 
aircraft.  Allow/assuming  certain  unessential  inaccuracy,  it  is 
possible  during  determination  L^ax  of  supersonic  aircraft  in  the 
first  approximation  to  accept 

*Vkb=sO*71c0  opt* 

Thus,  let  us  assume  that  tne  conditions/mcde  of  maximum  range  is 
characterized  both  for  the  subsonic  ones  and  for  supersonic  aircraft 
with  TRD  by  coefficients  ctfBB=0,71  ctf0Pt  and  £*„„=!, 5  cx0.  To  these 


values  cVBB  and  cXHB- corresponds  tne  value 


f“)  : 

\  cx  L 


&). 


.0.472  . 

-~r~  c«°v" 


or,  since  .  _l/  c*« 

cuovi-y  „  . 


0.472 

"»  V  cx„D0 


m 


(2.14) 
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Substituting  (2.14)  in  (z.9‘),  we  will  obtain 


,  ,  l  0,472  ,,  ,  .  I 

£max — ..  r - ^xpeAc  *  ^  «— 


either 


'  **  VcxDo 


1  -  ^T.KPCftC 


(2.15) 


L  max—  7,0  y  PqP  q? 


In 


'^Cl>0CX0  V»0  1  —  f,T.KpcflC 


or 


,  roA  ^  A1Kpcdc  . 

L max  —  584  —  111 


I'^'Po  y  CXoD0  1  Gi.xpcftc 


(2.15') 
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where  cruising  speed 


V 


.per,c=  12,8  j/ 


PifoZ 


km  jn 


(2.16) 


and  the  corresponding  to  it  number 


M 


Kpeftc 


=  0,012 1/ (2.16') 

V  CXQ 


Formulas  (2.16)  ana  (2.1b*>  can  be  obtained  via  substitution  in 
(2.3)  and  (2.3*)  values  cx hB  =  1,5  c*o. 

Utilizing  calculated  or  experimental  data  for  ip,  epo,  c^o  and  D0 
for  of  assignei/prescrireu  value  &t.kp«ic.  it  is  possible  with  the  aid 
of  formula  (2.15)  to  obtain  aepenaence  luux  cn  Micpdic  (Fig.  2.7). 

Distance  of  takeef f/run-up  Lptto  with  takeoff. 


The  distance  of  taKeofr/run-up  fp*3e  is  expressed  by  following 
formula  [  13  ]: 


L  __l  r  ** 

Lt»*—  2g  )  -  a 

8  8  P-f-~ L(Cx-fCy) 

P<\ 


(2.17) 


If  we  accept  thrust-weignt  ratio  P  on  the  take cf f/run-up  of  the 
constant/invariable  and  cguai  starting  thrust-weight  ratio  P=P0,  and 
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expression  c*— fcv= 0  in  view  o.<.  its  smallness,  then  integral  (2.  17) 
can  be  calculated  analytically  m  the  form 



2 !  P*~f 


Since  the  value  of  velocity  nead  with  the  breakaway 

t>Va  V 3 

•  _  rr  OTp  .  r  OTP 

4oyp—  2  “  i6  * 


that 


r  _ Po _  16p0 

‘~7~~  ■ 

7  K  OTp 

i/*  _  16Po 

v  OTp - 

CD  CTp 


or  with  afterburning 


I  0,82/?n 

^{h38 - rr - 

Pt/ojp(Po-f) 
r-  —  0,82p0 

^pt30  ~  — - 

C'  OTp  (P(|*  —  /) 


(2.17') 


^**^****^MwiM— .  -'  > . aift.. itit. - - .rv.  —  _ 
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Fig.  2.7.  Dependence  of  re 

Page  37. 

Dependence  ot  ■ light  characteristics  on  the  parameters  of  aircraft 
Ox,  cx  o,  .Dq,  Po*  Pq  and  £  • 

Examining  formulas  (2.3),  (2.3')  ,  (2.4),  (2.41),  (2.5),  (2.7), 

(2.16),  (2. 16'),  (2.17),  (2.17*),  we  can  make  the  conclusion  that  the 

values  of  fundamental  flight  characteristics 

V'mai-.  VWftc;  ^naaxi  V Ha0t\  Lpa3<j  depend  on  of  the  following  parameters  and 
coefficients  cx  and  cx  o;  Do?  Po#  p  and  F. . 

Let  us  examine  each  or  tne  jiven  parameters  and  we  will  attempt 
to  establish/install,  on  wnat  ractors  depends  their  value  and  how 
they  affect  fundamental  aircrart  perf ormance. 



m 



lative  distance  2Tm,r  on  number  M,» 


Drag  coefficient  cx 


corresponds  to  total  aerodynamic  drag  of 
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aircraft  X  and  can  be  expressed  as  follows: 

X  Xp+  X„,Kf  +  Xon  +  Xa.o„  +  Xq  +  •X'n.^  +  +  X*.T  +  Xj  +  X„ 

C*~~qS~  qS 

where  q  -  velocity  head  of  tne  incident  flow; 

Xp  -  shape  drag  and  motion  or  wing; 

•Xb.kp  “  wave  wing  drag; 

Xon  -  shape  drag  and  motion  or  tail  assembly; 

Xb.ou  -  wave  drag  of  tail  assembly; 

Xq  -  shape  drag  and  lriction  or  fuselage; 

-  wave  drag  of  fusexage; 

Xr  -  shape  drag  and  friction  or  the  engine  nacelles  of,  those  of 
the  nacelles  of  chassis/lanciiny  gear  and  so  forth; 

X,,r  -  wave  pod  drag  or  engines,  nacelles  of  chassis/landing  gear; 

Xi  -  induced  drag,  i.e.,  tae  resistance,  which  depends  on  angle 


of  attack  or  c„; 
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Xa  -  the  interference  drag,  wnich  appears  as  a  result  of  mutual 
wing  influence,  fuselage,  tail  assembly,  engine  nacelles  during  flow. 


Using  the  appropriate  dimensionless  coefficients,  let  us  write 
the  coefficient  of  the  total  aray  of  aircraft  in  the  following  form: 


—  cx p  4"  cx  a-Kp~H  (cx  on  4"  cx  «.on)  4" 

+  (cj4>  +  cx*.4')— J^4*  (cxr+C*n.r)“y-  +  c.r/4  Cxn 


i  i 


where  c^0‘a;  cxa.ou  -  tho  drag  coeincients,  in  reference  to  the  area  of 
tail  assembly 


1  1 



Cxi,;  cx:*>  cxr>  cx,.r  -  the  drag  coefficients,  in  reference  to  the 
appropriate  areas  of  the  miusection  of  fuselage  Sm.*  and  nacelles 


It  is  convenient  for  analysis  to  present  the  coefficient  of  the 
total  drag  of  aircraft  cx  m  the  iorm  of  the  sum  of  two  coefficients 
cx o  and  cxu  from  which 

*\r  0  ~  CXp~\'  Cx  ,,Kp  4  {Cx  on  4"  H.oit) 

4*  icx  <}>  4"  cx  B-4>)  ~ ^  F  icx  r  4*  cx  B-r)  f"  cx  ii 

corresponds  to  the  drag  cr  aircrart  which  it  has  when  cv—0,  and 
Cx<=Dncv 2  corresponds  to  the  additional  drag  of  the  wing  which  is  added 



-----  -  II  n  I  * - Tmr* - ■ - w — tmmm*  -•- . . tm  ■ 


-  ■‘-i^f.*-*-—'? jpg  '-"--- 
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when  cu=£ 0,  In  this  case,  it  is  considered  that  supplementary 
resistance,  that  appears  m  tail  assembly,  fuselage,  nacelles  as  a 
result  of  changing  the  angle  or  attack,  is  negligibly  small. 

Thus,  the  drag  coefficient  of  aircraft  c*  can  be  with 
sufficient  approach/approximation  examined  by  that  consisting  of  two 
parts  cx=cx0+cxi. 

Page  38. 

From  aerodynamics  it  is  Known  that  total  frontal  aerodynamic 
drag  of  aircraft  changes  accoraing  to  Mach  number  both  in  its  total 
quantity  and  on  the  relationsuip/ratio  between  components  of  the 
separate  means  of  the  resistance:  form,  friction,  wave,  interference 
and  inductive. 


On  the  curve/graph  of  Fig.  2.8,  is  shown  the  character  of  a 

change  of  coefficient  cx  in  dependence  on  Mach  number  in  aircraft 

with  various  forms  (on  curve/graph  to  each  value  cx  it  corresponds 

its  value  cv= Entire  speed  range  of  contemporary  aircraft  in 
R 

dependence  on  the  character  of  cnange  cx  can  be  broken  into  three 
zones:  the  first  (from  K=d  to  M  =  Mj(pi1T)  -  subsonic,  the  second  (from 
M,(pltT  to  M~~1.2)  -  transonic,  tne  third  (from  M=  1.2  to  fi=  5)  - 


supersonic. 
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Let  us  examine  how  changes  uie  r elationship/ratic  between 
components  cx  in  each  ot  tne  acove-mentioned  zones. 

In  the  first,  subsonic,  to  zone  the  drag,  which  does  not  depend 
on  the  angle  of  attack  ci  tne  wing  to  which  corresponds  coefficient 
c*o,  is  encompassed:  the  snape  drag,  friction,  interference  drag.  To 
this  resistance  is  added  tne  resistance  inductive,  which  depends  on 
the  angle  of  attack  (from  cv),  tc  which  corresponds  coefficient  cxi: 


cxl=DQcl=D0-£  =  —?- 

1  °  0  q*  (aM)2AjtX 


From  this  formula  it  is  evident  mat  with  assigned  magnitudes  p,  X 
and  A  with  decrease  of  M  consiuerably  it  increases  (Fig.  2.9). 
From  resistance,  to  which  corresponds  cx0,  large  value  in  this  zone 
resistive  of  friction.  meieiore  tor  the  low-speed  aircraft,  which 
possess  the  maximum  speed  in  tne  first  zone,  for  decrease  c*  ■  should 
be  to  apply  wings  with  sufricientiy  great  lengthening  X  and  accepted 
the  moderate  specific  wing  ioads.  For  decreasing  the  frictional 
resistance  for  similar  aircraft,  is  expedient  the  application/use  of 
such  forms  of  its  pacts,  wim  whicn  would  be  provided  the  low  value 
of  accelerating  pressure  gradients  on  the  surfaces,  streamlined  with 
flow.  Last/latter  circumstance  contributes  to  the 

preservation/retention/maintaining  of  a  laminar  boundary  layer  in  the 
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large  sections  of  the  surface  or  tne  streamlined  bodies  and, 
therefore,  it  brings  in  to  tne  decrease  of  frictional  resistance. 



iE»  .  < 

II 

| 

I 


*-1  ; 
ll>  I 


K  i 



I 


fe  *' 

%.Nr 



DOC  =  79052102 


FA  Gfc 


7/ 


<?* 


K 

e 

S 

<? 



^5-^KpMT 
/JiWfl  ffjOWC 


S3 

l — , - 1 _ L- 


1,5  2,3  M 

JU30HCL 


(*1  ‘  2> 

Fig.  2.8.  Change  c*  of  tne  aircrart  in  dependence  on  Mach  number:  1 
-  subsonic  aircraft;  2  -  supersonic  aircraft  with  the  rounded  wing 
leading  edge;  3  -  supersonic  aircraft  with  the  pointed  wing  leading 
edge. 

Key:  (1)  .  zone. 


Fig.  2.9.  Character  of  change  m  components  of  coefficient  total  drag 
of  aircraft  in  dependence  on  ttacn  number  for  medium  altitudes  (H=^10 
000  m,  p=250  kgf/m2,  X=j.2):  1  -  induced  drag,  which  depends  on 
spread/scope;  2  -  shape  drag  aim  wave  drag;  3  - 


frictional 


PAGE 


,  v ~  ,#.l 
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Page  39. 

For  this,  is  necessary  tne  application/use  of  the  laminarized  wing 
profiles  and  laminarized  enclosures  of  fuselages  and  nacelles. 
However,  one  should  remember  that  for  the  laminarized 
airfoil/profiles  are  characteristic  lowered/reduced  values  cvmnx, 
therefore  the  gain  in  frictional  resistance  can  be  considerably 
lowered  as  a  result  of  tne  need  roi  increase  S  for  the  satisfaction 
of  the  requirements,  presented  to  takeoff  and  landing 
characteristics . 

The  secondly,  transonic,  to  zone  the  resistance,  to  which 
corresponds  coefficient  c*o.  upon  reaching  of  tach  number,  called 
critical  Mkpht  as  a  result  of  emergence  and  violent  increase  in  the 
wave  drag  sharply  increases  (see  Fig.  2.8).  For  a  subsonic  aircraft 
with  the  subsonic  forms  oi  wing,  ruselage,  nacelles  and  tail 
assemblies,  this  increase  can  ue  m  ten  cr  more  times.  An  increase  in 
the  resistance  occurs  suftxcientl/  sharply;  therefore  the  phenomenon 
was  called  characteristically  name  "sound  barrier".  For  the  aircraft, 
the  value  of  maximum  speed  of  which  is  located  in  the  second  zone,  is 
expedient  the  applicaticn/use  or  rorms,  which  facilitate  the  decrease 
of  an  increase  in  the  wave  drag  (Fig.  2.10),  i.e.,  the  sweptback 


X.  its?.. :  X^C4ici:>. 


\ 
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wings  and  tail  assemblies,  wings  and  tail  assemblies  of  lew 
elongation  (with  Pl>1),  especially  triangular  planform,  and  also 
application/use  for  wings  and  tail  assembly  of  airfoil/profiles  with 
small  thickness  ratio  (c=u. Oo-O .Do)  and  with  the  low  concavity  also 
of  fuselages  with  great  ianytnenmg. 

The  application/use  or  tnesa  rorms  can  ensure  a  comparatively 
small  value  of  increase  (see  Fig.  2.8). 

In  the  third,  supersonic,  to  rone  the  wave  drag,  called  by  bow 
shocks,  comprises  considerable  portion  in  total  drag  of  the  aircraft 
to  which  corresponds  c.v=c.,o+Ca,-.  imparting-  to  aircraft  components  -  to 
wing,  fuselage,  to  tail  assembly  ar.d  so  forth  -  especially  supersonic 
forms,  which  ensure  the  emergence  of  oblique  bow  waves,  i.e.,  the 
application/use  of  fine/tnin  wing  profiles  and  tail  assembly 
(c=0. 03-0. 05)  with  the  pcinced  leading  edges,  the  enclosures  of 
fuselages  with  the  pointed,  sticngiy  elongated  nose  section  and  great 
lengthening  and  the  like  (Fig.  r.11)  substantially  decreases  the  wave 
drag  of  aircraft. 
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a)  b)*f  d)-e) 


Fig.  2.10.  Wing  planforto,  its  airroil/profile  and  the  form  of 
fuselage,  that  are  applied  cn  transonic  aircraft  (rf=1.0):  a)  the 
sweptback  wing;  b)  trapezoiaai  xow-aspect-ratio  wing;  c)  delta 
low-aspect-ratio  wing;  a)  fuselage  with  great  lengthening;  e)  wing 
profile  (laminar),  thickness  ratio  c=0.10. 


■  HP 


d)# 


Fig.  2.11.  Forms  of  wing  pronies  (a,  b  and  c)  and  fuselage  (d)  , 
advisable  for  supersonic  speeds  (tf^l.5). 

Page  40. 

However,  one  should  consider  tnat  the  wing  prefiles  with  acute/sharp 
leading  edges  possess  unsatisfactory  properties  in  the  relation  to 
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the  landing  data  of  aircraft  and  therefore  their  to  apply  without  the 
special  high- lift  device  or  wing  (drooped  noses)  does  not  follow.  In 
supersonic  zone  is  relatively  great  the  frictional  resistance  to 
value  of  which,  as  is  known,  arrects  the  smoothness  of  the  fairing  of 
body  and  therefore  wings  ana  supersonic  fuselage  must  have  least 
possible  surface  roughness,  for  supersonic  aircraft  is  expedient  the 
application/use  of  low-aspect-ratxo  wings  (X<2.5),  since  the  latter 
on  supersonic  aircraft  plays  in  increase  cx«  insignificant  role.  On 
the  other  hand,  the  wings  or  sucu  type  make  it  possible  in  supersonic 
range  to  lower  wave  drag.  Taking  into  account  during  design  effect  on 
value  cx  and  c*o  of  the  examined  above  factors,  designer  must 
remember  also  that  value  cx o  depends  on  the  specific  wing  lead  p0. 

Let  us  assume  that  are  designed  completely  similar  aircraft  of  one 
and  of  the  same  weight  G0,  rut  with  different  in  the  area  of  wings 
(G0=const;  SKp=var).  The  areas  or  maximum  cress  sections  of  fuselage 
and  engine  nacelles  (SM.$  dud  S**)  will  be  identical,  but  the  ratios 
of  the  areas  of  tail  assemuiy  ana  area  of  their  wings  are  permanent 
Son/S=const. 

It  is  possible  also  to  consiuer  that 

Cx  on  ~t  ii.on  ^  Qgnst 
Cjf  p  +  Cx  ».kP 

and  i  _ _  i- 

Cx4>"rcx»4> —  cxr~Tcx».r 

Furthermore,  for  similar  aircraft  is  correct  the  equality 
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Page  41. 

On  the  basis  of  formulas  (z.ln)  anti  (2.18‘)  it  is  possible  to 
judge  the  effect  on  c*o  the  specific  wing  lead  p0.  Formula  (2.18*) 
gives  the  representation  of  considerable  effect  on  value  at 
supersonic  speeds  of  thickness  ratio  of  wing  c,  which  enters  into 
formula  in  square. 

The  second  coefficient.,  wmen  characterizes  the  aerodynamic 

properties  of  aircraft,  is  coefncient  D0,  entering  the  formula, 

sufficiently  precise  for  the  iiigut  speed  range  of  the  aircraft 

c-r  ~  cjr0  4"  DqCv  =  C,o 1^0  * 

<r 

Value  D0  depends  on  different  ractors  depending  on  that,  what  zone 
includes  the  speed  of  the  uesign/project.ed  aircraft.  In  the  first 
zone  (subsonic)  coefficient  D0  1  is  equal  to 

D°“  nX*  ’ 

where  k2=1.02  Cor  the  tapered  wings  with  elongation  X>3;  k2=1.6  for 
delta  wings  with  elongation 


FOOTNOTE  1 .  Let  us  recall  tnat  D0  =  l/c* . 


ENDFOCTNOTE 


>tS  , •••?** 


STT-W/'i  iy  ..|L,fJyl|i.j^.J> 7l-^nj|.i_i)ffH  1^,^  ^  ^ 
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Consequently/  as  was  already  noted  above,  for  the  aircraft  whose 
speeds  can  be  related  tc  rue  nrst  zone,  must  be  used  average/mean 
(X=4-7)  and  large  (X=7-12)  winy  aspect  ratios.  Is  especially 
important  the  application/use  of  large  ones  X  for  aircraft  with  large 
flying  range. 


In  supersonic,  the  tmru,  to  zone  coefficient  D0  can  be 


expressed  thus: 


D0=0,25fi0  V  M2—  1. 


Coefficient  B,  is  expressed  ny  rue  following  formulas: 


4 


for  the  direct/straigut  tapered  wing 


2x  yV—  i 

for  a  delta  wing  witn  the  supersonic  leading  edges 

B0=  l; 

for  a  delta  wing  witn  tue  suosonic  edges 

"  \X'/m2-1  ’8  / 

Thus,  D0  at  subsonic  ana  transonic  speeds  ( M < 1 )  is  expressed  the 
dependence  of  aerodynamic  drag  alien  cv=0  on  wing  planform  (X  and 
tj),  and  at  supersonic  speeds  -  from  wing  planform  and  speed  (M)  . 
Consequently,  designer  car.  attai..  decrease  cx0  and  D0  by  the  final 
adjustment  of  the  aerodynamic  snape  of  wing,  fuselage,  tail  assembly 
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of  aircraft.  In  this  case,  as  we  saw  above,  for  each  speed  range, 
were  characteristic  special  snapes  of  airf oil/profiles,  wing  in 
plan/layout,  fuselage,  etc.  Decrease  cxo  and  En  (at  the  constant 
values  of  other  parameters) ,  as  it  follows  frcm  the  examination  of 
formulas  (2.3);  (2.3');  (2,5);  (s.6)  ;  (2.15);  (2.1j');  (2.16); 

(2.16*),  leads  to  an  improvement  in  the  aircraft  performance 


(Mniax)')  Impede  (^Kpeitc)>  ^rtoi>  Vy  maxi  l- n 


Page  42. 


The  following  parameter,  wmen  considerably  affects  all 
fundamental  flight  characteristics,  is  the  thrust- weight  ratio 

P=-£- 

(jo 

or  the  in  question  during  assign  starting  (for  TRD)  or  initial  (PVRD) 
thrust- weight  ratio 



(2.19) 


It  is  easy  to  see  that  expression  (2.19)  has  the  definite 
meaning  only  in  such  a  case,  when  are  determined  P0  and  G0.  During 
the  design  of  aircraft,  tnese  values  must  be  found,  moreover  task  is 
compj '.cated  by  the  fact  tnat  G0  proves  to  be  the  value,  dependent  on 
P0,  and  P0,  and  its  turn,  it  depends  on  G0.  Thus,  for  the 
design/projected  aircrart  to  determine  P0  by  formula  (2.19)  is 
impossible.  If  we  express  F0,  after  using  formulas  (2.3')  and 
(2.  16 • ) ,  then 
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t0 


(2.20) 

(2.20') 


they  will  determine  these  values  or  t hr ust- weight  ratio  which  are 
required  for  obtaining  respect! veiy  given  ones  Mmax  and  M^nc  with 
given  ones  cx;  cx0;  p0  and  l’ne  tnrust- weight  ratio,  expressed  (2.20) 
and  (2.20*),  let  us  call  required  thrust-weight  ratio.  After 
determining  the  value  ci  required  thrust-weight  ratio  p0m  of  that 
ensuring  assigned  magnitude  Afraax  or  AfKpe,4c,  designer  it  must  knew  well 
the  ways  which  lead  to  equality  p0lI  and  thrust- weight  ratio  of  "that 
arrange/located"  P0p,  i.e.,  me  tar ust-we ight  ratio  which  it  is 
possible  to  virtually  ensure  at  tas  values  of  the  parameters  of 
aircraft  and  power  plant  accepteu  and  during  the  assign/prescribed  to 
structural  strength.  The  guarantee  of  equality  value  p0p  to  value 
P0„  is  one  of  the  basic  tasks  of  tne  design  of  aircraft,  which  the 
designer  to  final  sum  must  solve  m  design.  In  order  to  know,  how  it 
is  possible  to  influence  value  Pop,  it  is  necessary  to  explain  the 
dependence  of  available  tnr  ust- weight  ratio  Pop  on  different 
parameters,  for  which  we  will  use  the  equation  cf  the  over-all 
payload  ratios  of  the  aircrart 

SK  +  Gc.y-fOT+Oc.9.r=  i. 

We  will  obtain  for  tae  second  and  third  members  of  the  left  side 
of  equation  Cc.y  and  GT  tne  expressions,  establishing  their 
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dependence  on  different  par aiue tars. 


For  gcv  it  follows  from  the  determination 

Oc.y 


a.v =- 


Oc.yPo  -r>' 


-u-=r0Po, 


(2.21) 


G 


c.y 


c  y '  O0  G0P0 
SClflC  yl'avit 

aircraft  (referred  to  bcost  tor  laur.chincj  p0)  . 


where  ro==_7T  -  the  specific  gravity/weight  cf  the  Dower  plant  of 

/■'o 


For  the  over-all  payload  ratio  of  fuel/propellant  Ur  it  is 
possible  to  obtain  dependence  on  tne  parameters  as  follows. 


Page  43. 


The  complete  fuel  reserve  on  the  aircraft  to  which  corresponds 
over-all  payload  ratio  Ur,  it  consists;  of  the  fuel/propellant, 
expended  in  cruise  GT.i<peac,  or  tne  tuel/propellant,  required  for 
taxiing,  takeoff/run-up,  taKeorf,  xift  and  landing  GTn.  of  the 
fuel/prope.llant,  required  to  acceieration/d ispersal  Or. p  and 
navigational  reserve  GT.„.3.  Consequently,  the  complete  reserve 

Or=  ^T-KpCfic  "f"  ^T-rt  4"  ^T-P  Or  „  3. 

Trans fer/convert iny  to  over-aii  payload  ratios,  let  us  have 

0T  =  0T-KpcAc  +  ^T..t  +  0T,p  +  Gt.„  3. 

For  aircraft  with  TED  and  PVhD  tne  over-all  payload  ratio  of  the 
fuel/propellant,  expended  to  tne  cruise  (with  given  one  Lma*)i  ,«e  wi 

^max 

obtain,  solving  equation  (2.15)  relatively  ^T.Kpc,lc:  0T  Rc  =  l-e~  A~, 


4  V  r  i 

ft, tr -r -■  -ni Aiafififft "v^^Tiinrrr^i-’ tfri •  ^-irr, v  r  p &  r  n*  ^ 
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where 


1  ,/ — = —  1  584Mnpeftc 

A  =7,0  —  V  /«  —7==  -  ~=r 

'Kpo  cXo  Y  Do  'I'cpo  ycx/'>o 


or  according  to  the  linearized,  tormula  (replacement  of  logarithmic 


curve  by  two  straight  lines) 


_  ^max  V‘*Do 


where  u  -  the  coefficient,  uepenuxnq  on  values  £TI(pcHc;  R~0, 00145  and 
u=0  when  5t.k^«o<0,3;  R  =  0, 00100  and  u  =  0.09  when  0,5>gT.lipfiBc>0,3.  With 

given  one  of  duration  cr  flignt  t* ,  will  be  real  the  formula  (for  H, 
which  corresponds  A)  GT.KpcflC=,!?^o^/'.  Knowing  GT.K"eflc,  it  is  possible 
to  determine  further  Gtn,Q  ana  QT H.3.  GT.„  =  0,00097/ K-Cfle,  where 


/7Kp;flc  they  determine,  alter  finding 


^KpCflC  - 


1,76  VcxD0 


With  large  ones  to  numbers  (i>z  the  over-all  payload  ratio  of  the 
fuel  reserve,  required  ry  accei eration/dispersal  GT.P,  is  determined 
from  the  formula 


where  = — d-—_  -  , 

&  T’picil  —  ^hot 


and  A  corresponds  to  the  neignt/axtitude  of  acceleration/dispersal. 
For  the  aircraft  of  subsonic  ana  transonic  ones,  gT.p  very  little  can 
be  disregarded. 


The  over-all  paylcaci  ratio  or  the  navigational  fuel  reserve  is 
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determined  from  approximation  formula  [30] 

GT.H„=0,10GI.Kpcflc  (for  military  aircraft)  ;  0r.K.3 =(0,15- 0,20)OT.Kpeflc  (for 

passenger  aircraft) . 

Thus,  for  the  over-aii  payload  ratio  of  fuel/propellant  on 
aircraft  0T  can  be  written  following  of  formula. 

If  is  assign/prescrioea  fiying  ra.ige,  then 

_  (  _  ^nmx\ 

0,  =  S\ l-e  *  /  +  «,  (2.22) 

where  5=1,1;  tt=O,OO09/fKp%ftc+-!cp0^oa/'  (eo.H  MKpcflc  >  2,0); 

■  5=1,15-1,2:  M  =  0,0009/yKpCflc  (e<&  M>peflc  <  2,0). 

Key:  (1)  .  if. 

Page  44. 

lf  0,5,  th6‘‘ 

ff,  =  S/ftc  i=£5i+,,  (2.23) 

i*»Kpeftc  ^ 

where  5=1,1;  W  =  0,00097/kpcflc+.>Cp0tP0^  (e^n  Ol.Kpe(lc< 0,3  h  MKpeflc>2,0); 

5=  1,15-  1,2;  «=0,0009/7„p,flc  (ec^n  GT.Kpcftc  < 0,3 1  MKpCflc  < 2,0); 
a = 0,0009/7,  pcflc + 4-  0,09  (ecL  0T.Kpeftc  >  0,3 %  M„pcflc  >  2,0); 

«  =  0, 0009/7 lipc(ic  +  0,09  (eSu  0T.Kpc(lc  >  0,3  'S  M„pc()c  <  2,0). 
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Key:  (1)  .  if.  (2)  .  and . 

If  is  assign/prescribed  duration  of  flight  t • ,  then 

OT=W0ACp/+«.  (2-23') 

where  S  =  1.1;  u=0.0009  Hv pettc- 


For  aircraft  with  TVD,  it  is  possible  tc  apply  the  formula 

0I=O,OOO57SZ.maxc,J/A -^2-,  (2.23") 

where  S  =  1  - 1  5—  1  -  2  . 


Utilizing  formulas  (2.i1),  (2.23)  and  (2.23»)  and  the  equation 

of  over-all  payload  ratios,  we  will  obtain  following  cf  formula  for 
available-  thrust-weight  ratio  Pop-- 

if  task  is  duration  or  fiignt  t',  then 

_  1  —  Ok  — Gc.’.r  (2.24) 

op  r0  +  S^ePoA<'  ’ 

and  if  is  assign/presc r ineu  r lying  range  Z-max,  then 

P  l  —  gk  —  cJc.?.r l  [  SR^voLmtxyT^_  +  ii]  (2.24') 

^°P  ro  r0  L  -* 

These  formulas  give  the  clear  representation  cf  the  dependence  of 

available  thrust- weight  ratio  p0p  of  the  row/series  of  design 

parameters. 


For  determining  the  quantitative  effect  cf  a  change  in  one  or 
the  other  parameter  to  availaore  tnrust-weight  ratio  Pop  can  be  used 
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following  of  the  formula: 


where 


•  / 


p'0=P0l=J&L.  p'0==p^}&  . 


1  -0K  ’ 


1—  G, 


P0=P0hzi£i L;  p;=___Po - 

1  1  +  Gc.y  (t, - 1) 

- - .?*  .  r  _  ffP0  .  «.  ^max  .  .  r0 

ei  — —  .  e2 — — .  e3—~ — ;  «*— — ; 


1®K 


CpO 


T  0 


P0  -  new  value  P0,  obtained,  it  we  0,  increase  on  AG,. 


v 


If  we  increase  thr ust-weignt  ratio  P0  by  installation  cn  the 
aircraft  of  two  engines  instead  ox  one,  then  when  f-max=const 

Qc.,.r  = const  ^  QK=stfiK\ 

Pn—  ^  —  (Qk»1  4-  Or) 


0 

Po 


+  ?Qci 


Page  45. 


The  formulas  given  aoove  easily  can  be  obtained  from  the 
equation  of  over-all  payload  ratios,  which  we  will  write  in  the 
abstr act/removed  form  G  1+u2*g3+g4=1  ;  if  we  increase  Gt  on  AGt,  then 
G2 ;  G3  and  G4  will  be  cnangeu  aua  equation  will  be  written  as 
follows: 

0  j  ~j-  AOj  “{*  Qi  •■{-  (?3  4*  Gt  =  1. 
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Then 


and 


Assuming  that  P*=P,  we  will  octain 


or  generally 



Examining  formulas  (2.24)  anu  (2.24*),  it  is  possible  to  make 
the  conclusion  that  the  equality  or  the  thr ust-weight  ratio  of  that 
arrange/located  ^op  and  trie  tar  ust-weight  ratio  of  required  Fon  at 
these  values  of  all  ether  parameters,  entering  the  formulas 
indicated,  possibly  only  at  one  specific  required  value  of  the 
over-all  payload  ratio  cr  tne  ccustruction/design  of  aircraft  (7K.n. 
expression  for  which  we  will  ontarn  from  formulas  (2.24)  and  (2.24*) ; 


or 


0K.n=l  —  Gc.».r  -  Cop  (r0  +  SWfft 
_  —  — ,  nn<  \^cx0Do 

0K. „  =  1  -  0c  9.r  -  PQ/0  -  0 - -77- - “• 


If  an  aircraft  witn  tnese  parameters  and  characteristics  to 
carry  out  is  possible,  then  will  oe  satisfied  the  equality 

^op^  ^Oft- 


According  to  formulas  (2.^0)  ana  (r.20*)  we  can  find  the  value  of  the 
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over-all  payload  ratio  cr  const! uction/design  &K.n,  required  for 
guaranteeing  assigned  magnitudes  MmBX,  Mkp  and  Lm ax  in 


assigned/prescribed  parameters  cxo,  po,  cp0  and  other, 

4650M*axc* 


0K.n — 1 

with  preset  time  t'  of  rliynt  or 


Zpo 


(r o4'*^r^cpa^) : 


(?,,„  =  1-Gcs.r- 


6950M^pc 


Zpo 


Mi 


up 


with  given  one  Ln 


Page  46. 


(2.25) 


£i  (2-250 


The  available  over-all  payioaa  ratio  of  construction/design  Gh.t> 
can  be  expressed  approximately  ny  rormula  (2.26)  for  aircraft  with 
the  direct/straight  or  sweptoack  wing  of  the  large  or  average/mean 
elongation 

Q  '= {0,027^i-ii — —  |X  — +— )(l+?i'-'i>m  +  fJ2)  +  0,065  (2.26) 

Kp  •  cos x  ['  Po  Pol 


or  for  delta-wings  airplane  or  tne  low  elongation 

(Jh.p=^0,049^rt,iOj2 ~  4'  ( 1  +>'iVn  +«'2> +0-065.  (2.26') 


{Zl&)Gl-l-z2h6c.y) 

i)  i-  ^ 


Here  <p=l 
where  '•l  -  wing  taper; 


-  coefficient  of  discharging  the  wing 


ei  -  portion  of  the  f  uel/prope  Hunt,  a  rrange/lccated  in  wing 
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zt  -  relative,  in  the  portions  of  semispan,  coordinate  of  the  center 
of  gravity  of  f uel/propellant  in  wing  (relative  to  the  axis  of  the 
symmetry  of  aircraft) . 


82  -  portion  of  the  weignt  of  power  plant  in  wing. 


z2  -  relative  coordinate  in  tne  portions  of  semispan  the  center  of 
gravity  cf  power  plant. 

“  coefficient  of  the  weight  increase  of  the 
construction  of  the  aircraft  as  a  result  of  the  account  of  kinetic 
heating. 


6  -  the  ratio  of  the  weignt  of  tne  load-bearing  loaded  in  flight 
elements  toward  the  weignt  of  an  entire  structure  of  aircraft  (in  the 
first  approximation,  can  ne  accepted  e=0,5); 


g'  -  relation  of  yield  points  at  normal  temperature  and  during 
kinetic  heating. 


isfeliL 


n.A-  coefficient  of  calculate!  g-iorce. 
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G0  -  gross  weight  of  aircraft  in  t. 


0t =0.07-0.09  -  for  supersonic  aircraft. 


0!=O. 065-0. 08  -  for  heavy  subsonic  and  transonic  aircraft, 


01=O. 08-0. 1 1 5  -  for  transonic  transport  aircraft. 


m=1  -  for  supersonic  aircratt. 


m=  1.2-1.  J  -  for  subsonic  anu  near-sonic  aircraft. 


02=0. 27  -  for  supersonic  aircrart. 


02=0.15  -  for  subsonic  and  transonic  aircraft, 


H  -  fineness  ratio  of  tuseiage. 


For  aircraft  of  the  specilic  type  and  with  the  known  discharging 
of  wing  can  be  used  approximation  simplified  formula  (2.26* •) 


where  G0  -  in  t. 


0K.p=?-^r+“+0-065- 
Pd  Po 


(2.26") 


g?  I 


0=1.6  -  for  fighters. 


£=0.7-0. 8  -  for  passenger  arrcrart  with  two  TVD  with  discharging  of 
wing. 

£=0.4-0. 5  -  for  passeng.  :  aircrart  with  four  TVD  with  the  large 
discharging  of  wing1. 

FOOTNOTE  *.  Large  discharging  -  discharging  wing  by  a  large  quantity 
cf  loads  (engines,  fuel/propellant) .  To  large  discharging  corresponds 
the  low  value  of  the  coerficient  or  discharging  tf.  ENDFCOTNOTE. 

Page  47. 

£=0.55  -  for  passenger  aircraft  with  two  TRD  with  discharging  of  wing 
only  by  fuel/propellant. 

£=0.35  -  for  passenger  aircrart  with  four  TED  with  the  large 
discharging  of  wing. 

£=0.35  -  for  carriers  witn  roar  Tui)  with  the  large  discharging  of 
wing. 

It  is  obvious,  designer  in  aesign,  selecting  these  or  ether  the 
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values  of  the  parameters/  entering  formulas  (2.26),  (2.26*),  it  can 

attain  the  equality  of  tne  available  over-ali  payload  ratio  of 
construction/design  CK.p  to  reguirea  value  Sn.n,  thereby  having 
successfully  solved  the  basic  tasx  of  design. 


Let  us  examine  as  it  arfeccs  an  increase  in  thrust-weight  ratio 
P0  by  fundamental  flight  cnaraeteristics 

V^max (Mmax),  1^Kp(MKp)i  ^ itot'  Lmaxi  l^pmax  Uild  Lpaafi* 


K:  -  1 


We  will  use  formula  (^.20)  for  graphing  cf  dependence  Mmax  on  PD. 
Since  during  increase  F0  coefficients  Cx  ar.d  £  as  a  result  of  change 
M  will  change,  then,  being  assignee  by  graphic  or  computed  values 
Mmax,  for  each  value  Mmax  let  us  cotain  cx  and  5.  Substituting  these 
values  in  (2.20),  let  us  find  tne  appropriate  values  F0  and  as  a 
result  will  construct  tne  giapii/aiagram  of  dependence  Mmax  on  P0 
according  to  formula  (2.12).  We  see  that  during  increase  F0  value 
Mmax  steadily  grows.  The  same  can  oe  obtained,  also,  for  M,,prnc. 
Utilizing  formula  (2.5),  tne  dependence  of  relative  density  of  air  on 
height/altitude  H  and  taxing  into  account  that  the  flight  on  ceiling 
occurs  on  maximum  quality  /(max.  for  which 

CX~^CX0t 

we  can  construct  the  grapu/diaxjram  of  dependence  //„0T  cn  P0.  For  this, 
after  writing  formula  U.2u)  toi  the  case  of  flight  at  velocity, 
which  corresponds  to  fiacn  number  on  ceiling. 


-j  -fig  » 
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_  4650  M2' 2^  9300M2c  Xo 

fJ°~~  iPo  tPo' 

are  assigned  by  the  row/series  or  values  M,  determining  for  each 
value  by  calculation  or  according  to  the  curve/graphs 

c,0=/(M);  $=/(M)  and  £><,=/( M) 

and,  after  substituting  these  values  into  formula  (2.5),  we  will 
obtain  data  for  the  curve/graph 

/-4ot=/(^o). 

from  which  evident  that  witn  an  increase  P0  ceiling  Ha 0T  of  aircraft 
increases  (Fig.  2.13). 
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Mmax 
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* 
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/ 

0.  0,25  0,5  0,75  1,0  P„ 


Fig.  2.12.  Change  in  the  maximum 
to  number  MraSx  of  aircraft  witn  T 
thrust-weight  ratio  Po(H=11d00  m) 


■  Hnorru* 


peed  of  flight,  which  corresponds 
D  in  dependence  on  the  starting 


Fig.  2.13.  Dependence  of  ceiling  Ha« »  on  starting  thrust-weight  ratio 

P0. 
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Value  Lm ax  thrust- weigut  ratio  P0  affects  through  A^pcnc- 
Substituting  in  formula  (x.15')of  value  M.mnc=f(Po)  and  corresponding 
values  cxo,  D0  and  it  is  possible  to  obtain  curve/graph  LmeiX=f(P0) 

{see  Fig.  2.7)  ,  from  whicn  it  is  evident  that  distance  Lmax  first 
increases,  and  then  during  tue  appearance  of  wave  drag  (at  transonic 
speeds)  it  begins  sharply  to  decrease,  with  further  increase  P0, 
again  it  begins  to  grow  to  some  limit. 


DOC  =  79052103 

In  a  similar  manner  it  is  easy  to  arrive  at  the  conclusion  that 
V v max  with  an  increase  P0  grows,  and  takeoff  run  length  Lpaao  during 
increase  P0  decreases.  Parameter  value  designer  usually  selects  in 
the  beginning  of  design  on  the  basis  of  common/general/total 
considerations  or  special  calculations.  This  dimensional- weight 
parameter  has  complicated  eirect  on  fundamental  flight 
characteristics  both  directly,  entering  into  formula  which  is 
determining  the  value  or  cnaractenstic ,  and  through  other  parameters 
(P0  and  c*0). 

Let  us  examine,  first,  wnat  erfect  exerts  directly  change  p0  to 
the  given  above  aircraft  perror mance  without  taking  into  account  the 
effect  of  this  change  tc  its  otner  parameters  (F0,  cx0). 

On  the  basis  of  the  dependences,  expressed  by  formulas  (2.18) 
and  (2.19),  it  is  possible  to  write 

cx=*iPxp+c*  +  ^2'27^ 

After  dividing  both  parts  (2.27)  on  cy=-^-t  we  will  obtain 

9 

expression  for  the  required  tnr ust-weight  ratio 

P0—k^cxp  ■—  -f  cx  $  +  D0  —  ,  (2.28) 

Po  *■  9 

where  <  I  ..  5on  .  cx otI  +  cXK,on 

*o—  i*r  l  — ; »  v—  » 

O  cxp  +  cx 


whence 


P*+~k(Cx*'f~ P°)  ^  aT  °xp ko^°’ 
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or 


(2.29) 


Using  formula  (2.29),  it  is  possible  to  construct  the 
graph/diagram  of  dependence  g  or  «  on  p0  under  the  condition  of 
independence  P0  on  p0  (i.e.  wnen  £K=const  with  change  p0)  (see  Fig. 
2.14,  2.15).  Curves  give  the  possioility  to  make  the  following 
conclusions: 


1)  increase  p0  conducts  to  time  of  ripening  M  (or  g)  1 ,  but  to 
certain  limit  p0,  which  increases  with  an  increase  P0 ; 

2)  with  increase  p0  the  intensity  of  increase  M(  i.e.  dM/dp0)  or 
g  decreases;  with  an  increase  PQ  dw/dp0,  it  grows. 

FOOTNOTE  l.  Besides  the  specially  stipulated  cases,  everywhere  has  in 
mind  increase  p0  during  decrease  of  S  and  c0=const.  ENDFOOTHCTE. 
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3)  increase  p0  to  iarge  values,  the  close  p0  (with  given  one  of 
thrust-weight  ratio  P0)  ,  is  irrational,  since  in  this  case  increase  M 
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is  small,  and  the  exaggerated  vaiues  p0  can  lead  to  the  inadmissible 
increase  in  landing  speed  ynoc  and  distances  cf  take-off  and  landing 
run. 


Effect  p o  thrust- weight  ratio  P0  affects  as  follows.  During 
increase  p0,  available  cver-ail  payload  ratio  U,{  [see  (2.26), 
(2.26*),  (2.26'')]  decreases,  available  thrust- weight  ratio  .Pop  (see 
(2.24)  and  (2.24')]  it  increases,  and  p0  is  shift/sheared  to  large 
values  and  intensity  of  increase  M  (or  q)  increases.  Over-all  payload 
ratio  Sc.3.P  during  change  <JK  on  — AGK  will  increase  cn 

a  n  - n  ao-k 

- ^c.s.r - IT*  • 

1-Gk 

To  ceiling  Hno T  or  on  relative  density  Abot,  corresponding  to 
ceiling  //n0Tl  specific  lcau  p0  affects  through  cx  [see  (2.27)  1  and 
through  p ^  [see  (2.24)  and  (2.z4')  ]  as  a  result  of  effect  p0  on  <?«, 
entering  expressions  (2.26;  and  (2.26').  Having  this  in  form  and 


analyzing  formula  (2.5) 


Ann.  —  * 


1,66  Vc.Do 


it  is  possible  to  make  the  rollcwing  conclusions: 


1)  increase  p0  leads  to  increase  c*o.  since 

CX„  =  kffixp  +  c*4>  ~~  • 

*1 

Consequently,  in  subsonic  and  transonic  aircraft  ceiling  m  with 




DOC  =  79052103 


FACE  Cffi 


certain  limit  the  coefficient  5  of  the  dependence  of  the  engine 
thrust  in  speed.  This  increase  witn  M=1.5-2.5  (hut  with  boosting  TRD 
and  on  the  large  ones  M )  will  oe  so/such  perceptibly,  which 



1,66/0.  D0 


during  increase  p0  and,  therefore,  increase 


will  nevertheless 


decrease,  ceiling  Hil0T  wili  in  this  case  increase.  During  increase  p0, 
the  available  over-all  payload  ratio  cf  construction/design  will, 
as  we  already  saw,  decrease,  available  p0 p  will  increase,  and  Ahot 
will  be  they  decrease,  i.e.,  Hlt(yt  will  increase. 


With  increase  p0,  increases  /max-  the  maximum  vertical  velocity 
in  the  earth/ground.  This  is  easy  to  see  from  the  formula 


x  =  l,53]/ 


pAPW 


Since  cxi=k^cxp-\-cx^  f  that  -fr~  it  is  possible  to  write  thus:  *0  ,Cx* 

k\  Xo  CxP"T  t 

Po  fci 

from  which  it  is  clear  tnat  during  increase  p0  fraction 


PolCx»-  increases,  i.e.,  /max  -  increases.  'V„max  increases  and  because 
decreases  in  this  case  0K  and,  tnerefore,  grows  available 
thrust- weight  ratio  P0p. 


Increase  p0  contributes  to  increase  Lmax.  in  this  case,  increase 
^max  will  occur  to  certain  surficiently  large  value  p0,  after  which 
the  distance  will  begin  to  decrease.  For  subsonic  and  transonic 
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aircraft  in  the  formula 

fmax=7,0  - - - - In  — ^3— 

v  A>  l~Gt 

of  value  ij>  and  D0,  it  is  possiule  to  accept  being  independent  of 

the  speed  (change  they  at  transonic  speed  little) ,  then,  cbvicusly, 

7-max  achieves  the  greatest  value  with  similar  p0,  with  which  V Polc** 

cx0 

will  achieve  its  maximum  value,  and  ,L_  -  a  minimum  value.  After 

c  Vpt 

making  first-order  derivative  - r  on  p0  equal  to  zero  and 

V  Po 

utilizing  formula  (2.18),  we  wiii  obtain 


,  cxp  Go 

Po  a*"  ~  rt 

CXQ 


(2.30) 


However,  this  solution  does  not  consider  effect  p0  on  and,  as  a 
result,  to  available  thrust-weight  ratio  P0p.  Applying  graphic 
methods,  it  is  possible  to  find  Pom  taking  into  account  effect  p0  on 


Page  51, 


For  a  supersonic  aircraft  vaiue  Pohb  in  flight  to  maximum  range 
let  us  find  graphically,  after  constructing  the  curve  of  function 


7-max  — - - - 111 - — 

'I'Cpo  V  C  D0  1  —  G-, 


of  argument  p0.  in  this  case,  one  should  consider  that  entering  the 
formula  values  Mkpchc,  cx0,~Gt  are  functions  p0,  and  4’.  c*o,  D0  change  in 
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dependence  on  H. 


After  assigning  p0,  M^bc  and  cx o  let  as  determine,  utilizing 
formulas  (2.26**)  and  (2.2u‘),  arrange/lccated  £„.p 

_  /jl/2  _ 

+  0-065* 

pI12  po 

required  thrust- weight  ratio  p  _  69oOMKptficc.r0 

0,1  Pol 

D0=0,25B0VM~l 

and  _  _ 

^e-y  =  ^Vo- 

During  the  satisfactory  solution  of  the  task  of  design,  available 
thrust-weight  ratio  £oP  will  be  equal  to  required  thr ust-weight  ratio 
pon,  the  available  over-all  paylca  t.io  of  fuel/ propellant  will  be 

^c.y 

«— •  f  584Mk0(rc  .  l 

where  by  value  we  are  assigned.  Then  Lmax— - - In— — =— 

ivV,„D,  '-°T 

and  p0  will  serve  as  the  coordinates  of  the  first  point  of  curve  Lmax 
on  p0.  We  are  further  assigned  c y  the  new  value  p*0  and,  utilizing 
the  taken  and  calculated  anove  values  for  P0;  GK\  G„  let  us  find 


O;=OKHAGK=p-^i-+-^-+0,065; 
( ^o)  Po 


Mkpijic  —  0,012 



c'x'=k0cxp+cxt-£-,  p'o=p0±^ 
*1  l  —  a.. 


1-<7X 


where  G0—G0 
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Mxptflc  we  find  graphically,  after  constructing  curve 
Mk^cc. MCT—f (Mk^bc. s»»)  and  ray/hea a  from  the  origin  of  coordinates  at 

an  angle  of  45°  to  axle/axes.  In  tnis  case,  Mlcptoe. s»s  -  Kach  number, 
by  which  we  are  assigned,  selecting  values  5  and  cXo  i  and  Mki*ac.  hct 
-  Mach  number,  which  we  obtain  according  to  formula  for 


MU-0,012 


FOOTNOTE  1 .  According  tc  curves  £=f  (M )  and  c'Jto=/(M),  which  are 
assiqn/prescribed  or  calculated.  ErtDFCOTNOTE. 

Knowing  Mipenc  and  after  determining  D0 ,  <ir  and  ~q\  from 
Gt=G  ^l—  ,  let  us  find  for  p'0 


/'  _  vo  Kp,  Ac  l 

^max  —  — - -  III - — 

V'xPo  1_(?T 
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Figures  2.16  give  the  curve,  constructed  thus.  In  this  case,  was 
considered  increase  GK  on  tna  large  Mach  numbers,  which  was  being 
obtained  as  a  result  of  Kinetic  ueating. 


As  can  be  seen  on  Fig.  2.1b,  aistance  with  an  increase  p„  always 
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grows  up  to  very  large  values  p0  (/7oPt=900  kgf/m2)  .  The  decrease  of 
distance  during  further  increase  pQ  is  connected  with  an 
incidence/drop  in  the  coefficient 

Note.  In  the  practice  or  tne  design  of  leng-range  aircraft,  such 
large  values  p0  (po=900  kgf/ui2)  are  not  applied  on  following  the 
considerations; 

1)  maximum  /-m«*=/(p0)  is  very  fiat,  i.e.,  grows  near /w  it 

is  weak. 

2}  very  large  values  p0  make  takeoff  and  landing  characteristics 
worse  of  aircraft. 


During  increase  p0,  tne  takecrf  run  length  Lp«^  increases. 
Examining  formula  (^.17*) 

— iSa — , 

CU  OTp  (Pfl  —  /) 

it  is  possible  to  say  following.  During  increase  p0,  increases  that 
arrange/located  pop  as  a  result  of  the  decrease  of  that 
arrange/located  5*.  Drag  coefficient 

Cx  =  kffixp  +  cx  *  ) 

during  increase  p0  increases,  since  p0/ki  -  increases,  and  polQ~cv 
remains  constant/invar iatie,  since  the  angle  cf  attack  of  aircraft  on 
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takeo ff/run-up  depends  only  on  tne  geometric  parameters  of 
chassis/landing  gear  and  remains  constant/invariable. 

Comparing  formulas  (2.17')#  (2.26)  and  (2.25')#  it  is  not 
difficult  to  draw  the  conclusion  that  during  increase  p0  the 
denominator  of  fraction  (2. 17')  grows  more  slcwly  than  numerator  and, 
therefore,  Z.pa38  increases  with  increase  d0. 

Coefficients  f;  and  ij)?1  cnaracterizing  the  dependence  of  thrust 
and  specific  consumption  or  fuel  or  engine  on  the  speed  of  flight  are 
determined  by  the  selected  parameters  of  engine  and  virtually,  during 
the  design  of  aircraft  under  the  existing  engine,  they  are  located 
out  of  the  effect  of  the  designer  of  aircraft. 

From  formulas  (2.3);  (2.5);  (2.6);  (2.15')  it  is  evident  that  an 

increase  in  the  coefficient  £  at  tne  constant  values  of  other 
parameters  leads  to  increase  Mmax;  MKPeftc;  tfnoTi  V'y max;  Lm&x.  However,  it  is 
necessary  to  keep  in  mind  tnat  tne  rational  value  £  will  be  such, 
which  with  given  ones  Mnix  or  will  be  determined  from  the 

formula 


4650 MSm4IC,  .  «50<.»e«x. 

—  —  nr  P  =  — — • — — L - — 
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3  ft* 


Lmax  KM 


m  BOO  800  1000p0m/liz 


Fig.  2.16.  Dependence  of  maximum  range  Lm,x  cn  specific  load  p0  talcing 
into  account  effect  p0  cn  tne  over-all  paylcad  ratio  of 
construction/design  Ok  (po-var;  Gk«v ar) 


Key:  (1).  kgf/inJ 


Page  53. 


In  this  case,  must  be  observed  the  condition 

Pq  +  lpi3t Cy  0Tp / 

■p  ^  ^  P«S iCU  0TP*|J) 

where  --coefficient  of  afterburning. 

po 

P0$-  thrust- weight  ratio  on  taxeorf  vith  afterburning. 


^p«36  -  assigned/prescrioeu  distance  of  ta  kecf  f/run-up. 


f  -  coefficient  of  friction. 


After  conducting  conversions  in  expressions  (2.25)  and  (2.25')  , 
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it  is  possible  to  write  ior  or  assigned/prescribed  duration  of  flight 


4650M*„c,  (r0  +  5^Acp0<,)~  (4  - ' °«  ~  Oe.t.T) = 0  (2.31) 


and  for  of  assigned/prescribed  distance  lm*x  - 

695OMi<p«AeC.ror0— MKp*oc$Po  ( 1 *"*  ~~  -»-r  ®)  -f~ 

•^•SRcpdftpQL  mat  VcX'D0=0. 


(2.31') 


Equations  (2.31)  and  (2.31*)  give  the  demonstrative 
representation  of  the  dependence  or  the  most  important  aircraft 
performance  M  on  different  parameters  and  they  make  it  possible  to 
determine  the  value  Mmetx  or  MHpe#c.  which  virtually  possibly  for  an 
aircraft  in  assignod/prescnned  parameters  UKP,  Sc.„,Po,  c*o,  Cpo,  r0,  Lmtx,  V 
and  so  forth. 


Solving  first  equation  (2.31),  we  will  obtain  for'Mm«x  with 


mission  time  t* 


_1/.  e/>o(l-gK  — Oe.t.r 
1  V  4650c*  (ro  +  StytbCfQt' ) 


(2.32) 


Note.  For  determining  value  Mm»*  it  is  possible  to  use  this 
graphic  procedure.  After  assigning  several  values  of  M,  they 
determine  the  cooresponumg  to  them  5  c,  and  Last/latter  values 
substitute  in  formula  (2. 3^)  and  calculate  values  Mn*x.  In  terms  of 
the  selected  values  of  M  and  tne  corresponding  to  them  values  M, 


calculated  according  tc  roruiula,  is  plotted  a  curve  in  coordinates 
AW  and  M*ct  (Fig*  2.17),  intersection  with  which  with  the  straight 
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line,  carried  out  from  the  origin  of  coordinates  at  an  angle  of  45 
will  give  unknown  value  M»,„  Ma,a  and  M«ct  (all  values  must  be 
undertaken  on  one  scale)  . 

Value  Mnpeftc  can  be  rounu  also,  using  by  graphical  solution 
(Fig.  2.18),  after  taking  as  runctions  for  plotting  of  curves 
following: 

6950MKpeftcCjfor o=  ®i> 

MKpt,cl/>o(l-0K-Oc.».r-«)- 

—  SR^LjnaxC poPa  ^ 


(2.33) 
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cT 

X 

i 

// 

Ko, 

Fig.  2.17.  Example  of  grapnical  solution  of  eguations  (2.29). 

Fig.  2.18.  Example  of  graphical  solution  of  equations  (2.29'). 

Page  54. 

The  point  of  intersection  of  these  curves  on  curve/graph  in 
coordinates  M  and  and  02  will  determine  unknown  value  At 

some  values  of.  values,  can  ce  ontamed  three  values  Mu>cHc-  In  this 
case,  to  each  of  them  will  correspond  its  value  of  thrust- weight 
ratio  P0,  determined  on 


_  6950MKIlcflccJ.ij 

P° - Hi 


The  presence  of  several  solutions  is  explained  by  the  complexity  of 
the  functions 

$  =  /(M);  9=/(M);  r'Xo=fi M)- 

Examining  equations  (2.31)  and  (2.31*),  it  is  not  difficult  to 
draw  the  important  conclusion  that  assigned  magnitude  M  can  be 
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obtained  only  during  the  specific  combinations  of  the  parameters, 
entering  these  equations.  If  the  parameters  at  assigned  magnitudes 
M„pcjic  and  f-max  or  t*  satisfy  equations  (2.31)  and  (2.31*),  then  the 
real  realization  of  this  aircraft  is  possible.  But  if  equations  are 
not  satisfied,  then  the  design/ projected  aircraft  virtually  it  is  not 
possible  to  carry  out.  Besides  in  addition  to  this,  the  named 
equations  reveal/detect  direct  effect  on  !i  cf  such  parameters  of 
aircraft  as  <?k,  r0,  cp0  etc.  All  tms  tells  about  the  large  value  of  the 
equation  of  the  over-all  payload  ratios  of  aircraft  for  setting  o" 
the  regular  dependences  between  tne  flight  characteristics  and  the 
most  important  parameters  or  aircraft. 

Subsequently  we  will  call  equations  (2.31)  and  (2.31*)  the 
fundamental  equations  cf  the  design/pro jected  aircraft. 

On  the  basis  of  entire  of  that  presented  in  this  chapter,  it  is 
possible  to  make  following  conclusions. 

1.  Speeds  Vmax  and  y^nc  (or  number  Mmax  and  increase, 

if  P0  in  constant/invariaole  ether  parameters  increases.  The 
available  thr ust- weight  ratio  increases  with: 

ro  • 


a)  the  decrease  of  specific  gravity/weight  of  the  power  plant 
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b)  the  decrease  cf  tne  over-all  payload  ratio  of  the 
construction/design  of  aircraft  <5,fp  (arrange/located)  . 

c)  the  decrease  of  tne  specific  fuel  consumption  by  engine  Cpo 
(substantially  for  long-range  aircraft)  . 

One  should,  however,  remember  that  the  maximum  speed  of  aircraft 
Vmaxis  sometimes  limited  to  not  available  thr ust-weight  ratio  p0py  but 
permissible  for  reasons  of  strength  by  velocity  head  or  temperature 
of  kinetic  heating. 

2.  Speeds  Kmax  and  Impede  can  be  increased  (,  other  conditions 
being  equal,)  as  a  result  of  increase  in  specific  wing  load  p0,  but 
in  this  case,  it  is  necessary  to  consider  that  with  an  increase  p0 
intensity  of  increase  in  speed  V  (or  Mach  number)  sufficiently 
sharply  descends,  and  at  value  po  ,  increase  V  ceases.  At  the  same 
time  with  very  large  d0  substantially  deteriorate  takeoff  and  landing 
characteristics  of  aircraf Vv,  Z.pa36and  LDpoo). 

3.  Speeds  Vmax  and  Impede  can  be  increased  during  decrease  of 
drag  coefficient  cM.  The  metnods  of  decrease  cx 0  change  in  dependence 
on  rate  of  speed  (subsonic,  transonic,  supersonic) . 




^^5rX*^S2a£5=^ 
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4.  Static  ceiling  of  aircraft  increases  (An 


-  it 


decreases),  if  as  a  result  cr  indicated  in  p.  1  measures 
thrust- weight  ratio  P0  increases. 


5.  Static  ceiling  Hno T  or  suosonic  aircraft  decreases,  if 
specific  load  p0  increases  (in  this  case  c*  increases)  .  For  a 
supersonic  aircraft  witn  TRD,  increase  p0  in  certain  cases  leads  to 
increase  Hnot.  Decrease  at  tne  constant  values  of  other  parameters 
leads  to  certain  control  Haot. 


Page  55. 


6.  Vertical  velocity  yyrnax  intensely  increases  during  increase 
P0.  Decrease  cx o  at  the  constant  values  of  ether  parameters  increases 

^i/mas- 


7.  Maximum  range  Z,max  with  increase  in  cruising  values  M,(pcrtc 
subsonic  range  increases  [see  rormula  (2.15)  and  Fig.  2.7];  with 


further  increase  M,, 


(witn  preservation/retention/maintaining  of 


other  conditions)  in  near-sonic  range  Z.max  it  sharply  decreases,  but 
during  further  increase  M„pcitc  an  supersonic  range  Lmnx  gradually  it 
grows.  An  increase  in  tee  specific  wing  load  pD,  which  leads  to 




IfJ 
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increase  MKP«ftc,  decrease  Su  and,  therefore,  to  increase  0T,  in 
subsonic  and  supersonic  range  (d<1  and  H>1.5)  to  certain  value 
poopt  (see  Fig.  2.16)  leads  to  increase  Lmax. 

8.  Distance  of  takecrr/run-up  Lpa36  increases  with  increase  p0 
and  decreases  with  increase  P0. 

9.  Fundamental  equations  or  aircraft  show  that  between  flight 
characteristics  and  most  important  parameters  of  aircraft  there  are 
laws,  analyzing  which  it  is  possible  to  find  rational  solutions. 



f 
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Chapter  IV. 

APPROXIHATE  METHODS  OF  THE  OPTIMIZATION  OF  THE  PARAMETERS  OF 
AIRCRAFT. 

In  the  preceding/previous  chapter  were  examined  the  methods 
the  simultaneous  optimization  of  the  basic  parameters  and 
characteristics  of  aircraft,  based  on  use  of  computers.  However, 
during  design  are  encountered  the  cases  when  there  is  not 
possibilities  to  utilize  computers  and  it  is  necessary  to  select 
basic  parameters  of  aircraft,  applying  the  approximation  methods 
optimization.  Most  commonly  used  from  these  methods  are  examined 
present  chapter. 


I'&jl 

1 


of 


Page  70. 


§  1.  Determination  of  the  particular  optima  of  the  parameters  of 
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To  task  it  is  placed  as  follows.  Are  known 

-  the  designation/purpose  of  aircraft  and  its  diagram; 

-  type  and  engine  characteristic; 

-  value  of  payload  and  fundamental  flight  characteristics, 
provided  for  by  requirements  for  aircraft. 

It  is  required  to  determine  the  particular  optima  of  any  which 
interest  designer  parameters,  for  example  the  par"  -  ^rs  of  wing, 
fuselage  or  power  plant.  During  rinding  of  the  particular  optimum  of 
any  of  the  parameters,  the  remaining  parameters  are  considered  known 
from  statistics  or  previous  approximate  computations  and  are 
considered  as  constant  values.  This  method,  called  the  method  of  the 
"freezing”  of  the  parameters,  j.s  applied  during  optimization  of  one 
of  them. 

If  is  defined  the  optimum  of  any  of  the  parameters  at  the  given 
values  of  payload,  distance  and  flight  mach  number,  then  by  the 
approximate  criterion  of  optimization,  as  was  noted  in  chapter  I,  can 
be  the  value  of  the  takeoff  weight  of  aircraft.  In  this  case  the 
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optimum  of  the  parameter  will  correspond  to  the  minimum  ■  „£  takeoff 
weight. 

When  known  values  are  payload  and  takeoff  weight 
(assign/prescribed  or  found  m  the  first  approximation,) ,  then  the 
criterion  of  optimization  can  be  flying  range  and  the  optimum  of  the 
parameters  will  correspond  in  this  case  to  the  maximum  of  distance. 

Are  possible  other  more  complicated  criteria,  which  consider  the 
cost-effectiveness/efficiency  of  aircraft,  for  example,  the  prime 
cost  of  transportation. 

During  the  determination  or  optima,  one  should  consider  the 
limitations,  placed  on  parameters  and  characteristics  of  the  aircraft 
(see  Chapter  III) . 

The  algorithms,  given  in  chapter  III,  especially  when  is 
averaged  coefficient  cXo  (Go)  ,  they  can  be  utilized  it  goes  without 
saying  and  for  the  optimization  of  several  parameters  of  aircraft  on 
the  basis  of  calculations  without  use  of  computers. 


Is  of  interest  the  emeryence  of  the  optima  of  the  separate 
parameters  of  aircraft  components. 





'  v*tr  -  „« y n- 
*5  _  of»  - 
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As  examples  let  us  examine  the  emergence  and  approximate 
grapho-analytic  determination  of  tne  particular  optima  of  the 
following  parameters  of  aircraft: 


-  wing  aspect  ratio  x; 


-  wing  chord  ratio  c; 


-  sweep  angle  of  wing  X’> 


-  load  on  1  mz  of  wing  with  takeoff  p0; 


-  fineness  ratio  of  fuselage  A*; 


-  bypass  ratio  of  ‘IVBD  m. 


Optimum  wing  aspect  ratio,  on  wing  aspect  ratio,  depend,  in 
essence,  two  values  -  weight  of  wing  and  fuel  load,  with  an  increase 
in  elongation  (\^3)  grows  the  weight  of  wing  in  other 
constant/invariable  parameters  (including  wing  area),  since  increase 
the  bending  and  torsional  moments,  and  also  the  shearing  forces.  If 
as  the  criterion  of  optimization  to  accept  takeoff  weight,  then 
increase  X  adversely  will  affect  this  criterion  (takeoff  weight  will 
increase)  . 


rsxcr;: 
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On  the  other  hand,  with  an  increase  X  inductive  wing  drag  [17], 
required  thrust  of  engines  and  weight  of  required  fuel/ propellant 
will  decrease.  The  weight  of  power  plant  it  is  possible  to 
approximately  consider  neiny  independent  of  wing  aspect  ratio.  Thus, 
the  optimum  of  wing  aspect  ratio  approximately  can  be  determined  by 
the  minimum  of  the  sum  cf  the  weights  of  wing  and  fuel/propellant. 

Page  71. 

Graphical  solution  of  tne  task  of  selection  Xopt  is  given  in  Fig. 
4. 1  and  does  not  require  special  explanation. 


The  obtained  optimum  X  of  wing  is,  as  a  rule,  moderated  in 
sharpness,  and  change  in  the  evaluation  criteria  to  lo/o  in 
comparison  with  its  outer  limit  gives  the  possibility  to  step  back 
from  xopt  to  8-IO0/0. 


Besides  graphic,  and  possiuie  the  approximate  analytical 
solution,  determined  rrcm  the  condition  of  extremum  with4l^f(X) 

Ml) 


doKP  +j£L=0 


dX  '  dX 

For  example,  for  subsonic  nonmaneuverable  jets,  taking  into  account 
satisfaction  of  condition  (4.1),  it  is  possible  to  obtain  the 
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following  equation: 

X»pt  [l  +  (0, 018+0,  = 

_104(^)mln  fro)1’5  (ft,  cos  X°)3  (^p^  +  T^O 

“  87 O0  ...  l±i 

T  (^Kpeftc*”  50)  ^  ^  j 

where  xpM  and  x  -  a  sweepbacK  of  wing  along  1/4  chords  in  radians  and 
in  degrees  respectively; 

(Cp)cp=(0,92-0,94)(Cp)K-e(tc  _  average/mean  for  flight  time  specific  hourly 
consumption  of  fuel/propellant  in  xg/kg*h; 

<t>  -  coefficient  of  discharging  wing; 

b=1.05-1.20  -  coefficient,  depending  on  aircraft  type  (with  the 
decrease  of  tonnage  values  b  decrease;  approximately  bjsl .  05+Go*10  3 , 
where  G0  in  t) . 


=  £,  (4.2) 


PAGE  f 


ff*pf 

Bu.+  G. 


B 


Fig.  4.2.  Curve/graph  for  determining  optmun  wing  aspect  ratio  of 
subsonic  nonmaneuverable  aircraft. 


Page  72. 


Curve/graph  for  determination  xopt  f tom  formula  (4.2)  is  gi?en  in 
Fig.  4.2. 


The  analysis  of  formula  (4.2)  makes  it  possible  to  make  the 


following  conclusions: 
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-  with  an  increase  in  the  calculated  flying  range  Lv ac4  and  the 
specific  hourly  consumption  of  fuel/propellant  cp  grows  optinun  wing 
aspect  ratio.  For  subsonic  aircraft  the  narked  trend  in  developnent 
of  TVRD,  foreseen  reduction/descent  cp,  entails  decrease  iopt  in  other 
constant/invariable  parameters  of  aircraft; 

-  during  increase  cxmin  in  the  aircraft  (or  crn  in  the  absence  of 
the  twist  of  wing)  optinun  aspect  ratio  of  wing  increases; 

-  with  an  increase  in  calculated  cruising  speed  xopt  descends; 

-  increase  when  Lpac,  =const  takeoff  weight  (G„)  as  a  result  of 
increasing  the  payload  decreases  optimum  wing  aspect  ratio; 

-  with  an  increase  in  the  values  of  such  parameters  as  p0,  c0,  n.  *nd 
also  with  the  decrease  of  angle  x  value  kopt  increases.  Generally,  if 
a  change  in  any  parameter  leads  to  the  decrease  of  the  cver-all 
payload  ratio  of  wing,  then  this  change  increases  l0pt,  and  vice  versa; 

-  great  effect  on  x0Dt  exert  load  on  wing  p0  and  its  sweepback  x- 

As  show  the  results  of  calculations,  the  accuracy/precision  of 
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determination  lopt  from  approximation  formula  (4.2)  composes  +-IO0/0. 

Optimum  wing  chord  ratio.  hat  us  examine  how  affects 
average/mean  on  spread/scope  wing  chord  ratio  ccp  the  of  payload  and 
flying  range.  Let  us  consider  that  the  law  of  a  change  in  the  wing 
chord  ratios  in  spread/scope  is  known  1 . 

FOOTNOTE  1.  The  solution  or  the  task  of  the  optimum  law  of  change  c 
in  the  wingspan  is  given  in  9  3  of  this  chapter.  ENDFOOTNOTE. 

Change  ccp  has  effect  mainly  by  weight  of  wing  and  its 
aerodynamic  resistance.  With  increase  ccp  the  weight  of  the  wings  of 
contemporary  aircraft  in  its  other  constant/invariable  parameters 
decreases  as  a  result  or  an  increase  in  the  overall  height  h  of  wing. 
In  by  increase  h  at  the  constant  value  of  bending  moment  axial 
forces  P=Mmrfht  applied  to  beam  flanges  (or  to  the  panels  of  caisson), 
decrease  and  respectively  decrease  required  cross  sections  and  weight 
of  longitudinal  load-bearing  elements  2. 

FOOTNOTE  2.  For  some  wing  constructions,  increase  entails  an 
increase  in  the  weight  of  ribs.  However,  this  fact  does  not  have 
vital  importance,  since  the  over-all  payload  ratio  of  the 
longitudinal  structural  assembly  of  contemporary  wings  is 
considerably  more  than  the  over-all  payload  ratio  of  ribs. 
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ENDFOOTNOTE. 


Thus,  increase  cep  leads  to  the  decrease  of  the  takeoff  weight  of 
aircraft. 

On  the  other  hand,  with  increase  ccp  grows  profile  and  wave  wing 
drag,  which  increases  required  thrust  and  fuel  consumption  with 
assigned/prescribed  flight  aach  number. 

Consequently,  at  some  values  of  parameters  and  characteristics 
of  aircraft  is  possible  the  existence  of  optimum  value  ccp  (Fig.  4.3). 

Having  dependences  GKp(ccp)  and  GT(Pn0T'),  where  Pn0T-  =  G^  and  c,=  f(ccp),  it 
is  possible  graphically  to  find  (ccp)0't. 

The  solution  of  this  task  leads  to  following  results  (c  - 
everywhere  along  flow)  : 

for  supersonic  aircraft 

(^cp)opt =(2*5— 3,5)% ;  (Cj)0pt  =  (3  —  4)% ; 

for  subsonic  aircraft  with  TVBD 


(cCp)0p.  =  (9-  12)%;  (c0)UJ)t  =  10— 13%. 
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Optimum  c  of  wing  is  usually  not  strong.  Change  in  the 
evaluation  criteria  to  lo/o  gives  the  possibility  to  step  back  from 
(Ccp)opttO  10—  12o/o. 


During  the  design  of  subsonic  aircraft,  determination  copt 
somewhat  becomes  complicated  by  that  fact  that  the  flight  speed, 
which  corresponds  usually  MkpMT,  depends  on  ccp  or  on  c0.  In  particular, 
with  increase  c0  in  the  wing  flight  speed  is  necessary  to  decrease. 
Therefore,  if  flight  speed  enters  into  evaluation  criteria  of 
aircraft  as,  for  example,  into  prime  cost  t-km,  then  during 
determination  (c0)opt  must  be  also  taken  into  account  dependence  V^iic (ccp) . 


Optimum  sweepback  of  wing.  Tne  sweepback  of  wing  %  of  subsonic 
aircraft  affects,  first  of  all,  the  weight  of  wing,  fuselage  and 
power  plant.  Increase  x  in  tne  constant/invariable  remaining 
parameters  leads  to  the  weight  increase  of  wing  due  to  an  increase  in 
the  structural/design  spread/scope  (in  the  direction  of  1/4  chords) 
and  the  torsional  moment  in  root  cross  sections.  End  wing  sections  it 
is  also  necessary  to  amplify  for  torsion  in  order  to  avoid  the 
reversal  of  ailerons.  Furthermore,  if  the  longitudinal  structural 
assembly  of  the  sweptback  wing  approaches  at  angle  the  former/frames 
of  fuselage,  then  the  part  of  the  bending  moment  from  wing  is 
transferred  by  fuselage,  increasing  its  weight  »,  and  is  greater,  the 
greater  x- 


"  ■  fillet  .-r^-  . 
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FOOTNOTE  1 .  The  weight  of  fuselage  increases  also  in  connection  with 
an  increase  in  the  length  of  its  tail  section,  the  caused  increase  in 
the  sweepback  of  wing.  ENDFOQTNQTE. 

Finally,  with  increase  x  decrease  values  cj  and  cVOtp,  which  leads  to 
an  increase  in  the  required  starting  thrust-weight  ratio  of  aircraft. 

However,  despite  all  the  enumerated  deficiency/lacks  increase  in 
the  sweepback  of  the  winy  of  subsonic  aircraft  gives  the  important 
advantage:  appears  the  possibility  to  increase  flight  speed  due  to  an 
increase  in  number  and  reduction/descent  c ^  which  favorably 

affects  the  cost-eff ectiveness/effrciency  of  aircraft.  Appears  as  if 
counterweight  to  the  adverse  effect  of  an  increase  in  the  sweepback 
of  wing  by  the  weight  characteristics  of  aircraft.  Therefore  possibly 
the  existence  of  the  optimum  sweepback  of  wing  along  1/4  chords,  the 
corresponding  to  the  minimum  prime  costs  t-km  (Fig.  4.4). 

If  we  solve  the  task  of  (x)opt  graphically ,  taking  into  account  all 
contradictory  dependences,  it  is  possible  to  obtain  approximately 
following  of  value  (x)opt  for  the  subsonic  jets: 

the  aircraft  of  the  low  and  average/mean  distance  (£1500  km)  - 
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20-25°; 

the  aircraft  of  a verage/oean  distance  (2000-3000  km)  -  30-35°; 

the  aircraft  of  the  large  distance  (^5000  km)  -  35-37°. 
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they  fall.  Respectively  are  selected  values  (x)opt  in  the  recommended 
limits. 

As  far  as  aircraft  are  concerned  supersonic  with 
low-aspect-ratio  wing,  effect  of  sweepback  on  front/leading  stern  Xu.>< 
by  weight  of  wing  and  fuselage  sore  complicated  than  in  the  subsonic 
aircraft  (sweepback  of  tha  wing  of  supersonic  aircraft  is  measured 
according  to  leading  edge),  increase  Xm.k  in  the  delta  wing,  for 
example,  always  leads  to  a  gain  in  weight  of  wing  and  fuselage,  but 
beginning  with  the  specific  sweepoack  it  leads  even  to  a 
reduction/descent  in  the  weignt  of  these  aggregate/units.  Stronger 
effect  has  value  x«.k  on  lift-drag  ratio  and  fuel  load.  Approximately 
it  is  possible  to  consider  tnat  tne  optimum  sweepback  of  wing  on 
Mpaci  corresponds  to  the  maximum  of  lift-drag  ratio  and  is  equal  (see 
the  Table) . 

If  sweepback  on  leading  edge  changes  on  spread/scope,  then  the 
given  data  should  be  accepted  as  average  values. 

The  optimum  of  the  sweepoack  of  wing  is,  as  a  rule,  very  strong. 
Change  in  the  evaluaticn  criteria  to  lo/o  gives  the  possibility  to 
step  back  from  X«pi  in  all  on  J-4°. 


^paci 

2,0 

2.3 

2.5 

2.7 

3,0 

{/.II.  h  )opt 

60 

65 

69 

! 

72 

75 
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Optimum  load  on  1  m2  of  wing  with  takeoff.  Load  on  1  ia2  of  wing 
with  takeoff  (Po=G0/S)  most  strongly  affects  by  weight  of  wing  and 
power  plant,  and  also  by  weight  of  fuel/propellant.  Schematically 
this  effect  is  shown  in  Fig.  4.5. 

During  increase  p0/  decreases  the  wing  area,  which  leads  in 
other  constant/invariable  parameters  to  a  reduction /descent  in  its 
weight.  At  the  same  time  with  increase  p0,  it  is  necessary  to 
increase  the  starting  thrust- weight  ratio  of  aircraft  p0) in  order  to 
fulfill  requirements  along  the  length  of  takeoff/run-up  or  length  VPP 
(accelerate-stop  distance).  lncrease'p0  leads  to  the  weight  increase 
of  power  plant. 

Effect  p0  by  weight  of  fuel/propellant  is  more  complicated,  but 
relatively  weak.  Occurs  optimum  p0  by  fuel  load,  which  corresponds  to 
the  minimum  of  its  expenditure/consuraption  (pcint  1  in  Fig.  4.5). 

Thus,  the  contradictory  effect  p0  on  G,<p>  Oc.y  and  GT  leads  to  the 
existence  of  the  optimum  of  load  on  1  m2  of  wing. 

Possibly  analytical  determination  (Po)opt  in  the  first  and  second 
approach/approximations. 


In  the  first  approximation,  tne  rational  value  of  load  on  1  m2 
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can  be  obtained  from  the  considerations  of  similarity  in  dependence 
on  takeoff  weight.  Really/actually,  wing  area  is  proportional  to  the 
square  of  the  linear  dimensions 

5  =aP, 

and  takeoff  weight  in  the  first  approximation,  it  is  possible  to 
consider  proportional  tc  the  cube  of  the  size/dimensions: 

Go=W*.  (4.3) 

where  (a,  b)=const. 


m  ,< 
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Fig.  4.5.  The  diagram  of  the  emergence  of  optimum  load  on  the  m2  of 
the  wing; 

1  -  optimum  according  to  per- Kilo meter  expenditure/consumption. 

Page  75. 

Consequently, 

Po—00lS=cl.  (4.4) 

Substituting  from  (4.3)  l=V G0lb  in  (4.4),  will  obtain 

Po = SGo 3.  (4-5) 

where  £=const. 

For  subsonic  nonmaneuveraole  aircraft  coefficient  £~10,  if  G0  in 
kg,  and  p0  in  kgf/n2  (Fig.  4.0). 

From  the  curve/graph  of  Fig.  4.6,  it  is  evident  that  the  curve 
Po=10  Go*  very  satisfactorily  reflect/re presents  statistics  p„  (G0). 
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However,  it  does  not  explain  the  spread  of  values  p0  with  G0=const. 
For  example,  with  G0=43-44  t  there  is  range  p0=315-5Q5  kgf/m*.  The 
spread  of  values  p0  with  GD=const  can  be  explained,  if  to  consider 
the  dependence  of  load  on  1  m-2  of  wing  on  the  conditions  for  takeoff 
and  landing  -  assigned/prescrioeu  length  of  VFP,  cv  with  breakaway 
and  during  landing.  With  G0=const  there  are  aircraft,  designed  on  VPP 
of  different  length,  different  speed  with  landing  approach  and 
different  degree  of  the  high- lift  device  of  wing  (c„n Tp  or  cyBOC ). 

Dependence  Po  (LBnn,cV0Tp)  or  transport  aircraft  is  described,  for 
example,  by  the  following  equation,  obtained  from  the  coincidence  of 
the  conditions  of  the  interrupted  and  continued  takeoff  with  given 
one  by  the  climb  angle  (sin  60Tk)  in  the  case  of  the  failure  of  one  engine 
[  3  ]: 

Po=klgPoC„0^{Unn-\-  L  nns)^—  ^ — {- sin  0OTK j  —  -*^  j  xrc/M2,  (4.6) 

where  kt?r0. 86-0.01  a; 

k2^0. 83-0. 017  m; 


m  -  bypass  ratio  of  f V K D ; 


^otp-  lift-drag  ratio  with  breakaway; 

S’ ==  9,8 1 ;  Po  =  0,lI4  n^H  /,TM=4  30°C,  pin,=730  mm-  pr.  tv-.; 
/-khd  -  length  of  clear  zone  (250-400  ■) ; 
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/urn  -  rolling  friction  coefficient  of  wheels; 

p  -  average/mean  air  resistance  in  the  section  of  the  final 
takeoff,  in  reference  to  ta*eoff  weight  (p-Q . 03-0 .05) . 

Values  sinOoTK  depend  on  a  nuaber  of  engines  and  are  given  by  the 
technical  reguireaents  (see  the  Tan le ) . 


2 

3 

4 

S!n  0O,K 

0,025 

0,027 

0,030 

If  design  conditions  is  takeoff  run  length  with  MSA,  then 
formula  for  determining  the  loan  on  1  a*  of  wing  takes  the  fora 
Pq  OTp^p«36  (^3^0  / Ka'i  KTC/.M®,  (4.7) 

where  k3j»0. 92-0. 95. 


ii&L,  t§5 
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Fig.  4.6.  Change  of  the  load  on  the  **  of  wing  in  dependence  cn  the 
takeoff  weight  of  subsonic  aircraft. 

Key:  ( 1) .  kgf/m2. 

Page  76. 

From  the  condition  of  given  speed  with  landing  approach  or 
landing  speed 

Pu  =  cu  -P^-  KI'C/M2.  (4.81 

Here  cv  and  V  are  taken  witn  landing  approach  or  during  landing;  k4 
coefficient,  that  considers  tne  decrease  of  landing  weight  in 
comparison  with  takeoff  (k4$1). 

Formulas  (4.6)- (4.8)  can  be  used  for  determining  the  optimum 
(rational)  load  on  1  m*  of  wing  in  the  second  approach/approximation 

In  third  approach/approximation  ( Po)opt  it  is  determined  taking 
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into  account  effect  p0  by  weight  of  wing,  power  plant  and 
fuel/propellant  (see  Fig.  4.5)  and  differs  from  the  calculation  of 
the  second  approach/approximation  insignificantly  (to  3-5o/o) , 
moreover  the  parameters  wnose  increase  leads  to  a  gain  in  weight  of 
wing  (G0,  x.  h),  cause  also  increase  (po)opt  and,  cn  the  contrary,  the 
parameters  whose  increase  leads  to  the  reduction  of  the  weight  of 
wing  (co,  r)).they  contribute  to  an  mcidonce/drop  in  value  (Po) opt. 

The  optimum  of  load  on  1  i*  or  wing  is,  as  a  rule,  strong. 
Change  in  the  evaluation  criteria  to  lo/o  of  cuter  limit  gives  the 
possibility  to  step  back  from  (po)opt  in  all  to  4-6o/o. 

Optimum  fineness  ratio  of  fuselage.  Fineness  ratio  of  fuselage 
i.e.  the  ratio  of  the  lengtn  of  fuselage  toward  diameter  on 
midsection  *,  affects,  first  of  all,  by  weight  of  fuselage  itself, 
and  also  by  weight  of  chassis/1  andmg  gear,  tail  assembly  and 
fuel/propellant.  The  discrepancy  of  effect  by  weight  of  these 
components  leads  to  formation  (X<j,)opt  (Fig.  4.7). 

The  graphical  solution  of  the  task  of  (l^opt  is  conducted  either 
at  a  constant  volume  of  fuselage  y#,  when,  for  example,  is  known  the 
quantity  of  fuel/propellant,  whicn  must  be  placed  in  fuselage  or  in 
permanent  floor  space  5n0n  -  in  the  case  of  transport  or  commercial 
airplanes  when  are  known  dimensions  and  composition  of  loads  or 
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number  of  passengers  and  condition  of  their  arrangement/position 
(level  of  comfort).  In  each  of  these  cases,  the  diameter  of  fuselage 
entering  the  weight  formulas,  is  calculated  differently: 


from  condition  v$  =const 


from  condition  Saon  =const 

At>  =  I  /  ,  (4.10) 

Here  (a,  b)=const  -  coefficients. 


formulas  for  determining  the  over-all  payload  ratio  of  the 
fuselage  and  other  aggregate/umts,  necessary  fcr  graphic 
determination  (X$)opt,  are  given  in  chapter  XVI-XVIII. 

In  the  first  approximation,  it  is  possible  to  utilize  also 
formulas  for  and  Goa(h)>  SJiven  below. 


f 
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Fig.  4.7.  Diagram  of  the  formation  of  optimum  fineness  ratio  of 
fuselage  in  of  assigned/prescribed  volume  or  assigned/prescrifced 
floor  space. 

Page  77. 

The  over-all  payload  ratio  of  chassis/landing  gear  is  connected 
with  fineness  ratio  of  fuselage  with  the  dependence  of  the 
height/altitude  of  struts  on  1$  (Fig.  4.8) 

Gm  Cj-fcjta—CjXj,  (4.11) 

where  ct,  c2,  c3  -  coefficients,  which  depend  on  designation/purpose 
and  airplane  design. 

For  example,  for  commercial  airplanes: 

Ci =0,024—0,026;  =0,001 8 — 0,001 9;  c$=3,5  •  10~6 — 3,6  •  10“5. 

The  over-all  payload  ratio  of  tail  assembly  is  the  function  of 
fineness  ratio  of  fuselage  in  connection  with  the  fact  that  the  area 
of  tail  assembly  is  proportional  to  the  length  of  the  fuselage 
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where  goa  -  weight  of  1  a2  of  tail  assembly  in  kgf/m2; 

p0  -  load  on  1  m2  cf  wing; 

c4=10-15  -  for  transport  aircraft. 

The  over-all  payload  ratio  of  fuel/propellant  also  depends  on 
fineness  ratio  of  fuselage  (see  fig.  4.7)  as  a  result  of  the 
dependence  of  the  aerodynamic  drag  of  fuselage  and  engine  thrust  on 
In  subsonic  zone,  fcr  example,  the  coefficient  of  the  aerodynamic 
drag  of  fuselage  in  the  rirst  approximation,  can  be  calculated  from 
following  the  formula: 

0,008X4, (4.13) 

Investigations  show  that  the  optimum  of  fineness  ratio  of 
fuselage  is  not  too  acute/snarp.  If  we  consider  permissible  a  change 
in  the  evaluation  criteria  to  Jo/o  of  outer  limit,  then  appears  the 
possibility  to  step  back  from  (^)opt  to  1-1.5  (to  10-15o/o). 

Optimum  bypass  ratio  of  T V«D.  The  bypass  ratio  of  turbofan 
engines  m,  equal  to  the  ratio  of  the  air  flow  rate  through  the  fan 
toward  the  air  flow  rate  tnrough  the  gas-prcd ucing  part,  affects, 
first  of  all,  the  specific  hourly  consumption  and  fuel  load,  by 
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aerodynamic  pod  drag  (as  a  result  -  also  by  weight  of 
fuel/propellant)  and  weight  ox  TVED  themselves.  Schematically  this 
effect  with  M<1  is  shown  in  Fig.  4.9. 

In  the  first  approximation,  it  is  possible  to  consider  that  for 
subsonic  aircraft  mopt  =4-6,  moreover  with  an  increase  in  the  flying 
range  (or  the  over-all  payload  ratio  of  fue  1/prcpellant)  value  mopt 
grows . 
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Fig.  4.8.  Dependence  of  the  height/altitude  of  chassis/landing  gear 
on  the  length  (elongation)  of  fuselage  (h2>h4). 


Fig.  4.9.  Dependence  of  takeoff  Height  on  bypass  ratio  of  TVRD: 

1  -  during  change  in  specific  hourly  consumption  of  fuel/propellant 

2  -  during  change  in  pcd  drag;  3  -  during  change  in  Height  of 
engines;  4  -  total  change. 

Page  78. 

§  2.  Consecutive  optimization  of  several  parameters. 

With  the  aid  of  computers  it  is  possible  to  carry  out  a 
simultaneous  optimization  of  a  large  quantity  of  parameters. 
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Without  the  application/use  of  computers,  is  possible  the 
consecutive  approximate  optimization  only  of  several  parameters  of 
aircraft.  For  this  purpose  is  utilized  the  particular  optimization  of 
the  parameters,  examined  in  the  preceding/previous  paragraph. 

At  first  is  found  the  particular  optimum  of  any  from  the 
parameters  at  other  "frozen'1  parameters,  known  from  statistics  or 
from  approximate  computations.  Then  it  is  optimized  by  the  second  of 
the  assigned  parameters.  In  this  case,  is  accepted  the  obtained 
earlier  optimum  value  cf  the  first  parameter.  The  optimization  of  the 
third  parameter  is  conducted  at  the  values  of  the  particular  optima, 
found  earlier.  Thus  are  located  the  optima  of  the  remaining 
parameters  and  characteristics. 

This  procedure  of  consecutive  optimization  is  undoubtedly 
approximated,  since  after  the  particular  optimization  of  each  of  the 
subsequent  parameters  tne  optima  or  the  preceding/previous  parameters 
must  somewhat  be  changed  (on  tne  basis  of  the  solution  of  the 
equation  of  weight  balance,  wnich  connects  all  parameters  and 
characteristics  of  aircraft) .  Therefore  after  the  first  cycle  of 
calculations  according  to  tne  optimization  of  the  parameters,  should 
be,  generally  speaking,  calculated  the  second  approach/approximation, 
during  which  are  accepted  the  values  of  the  parameters,  obtained  in 
the  first  approximation,  (in  the  first  cycle  cf  calculations).  It  is 
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usually  completely  sufficiently  two-three  cycles  of  calculations,  the 
optima  of  the  parameters  were  stabilized  at  the  specific  level  of 
values. 

§  3.  Variational  problems.  Optimum  distribution  of  wing  chord 
ratios  according  to  spread/scope. 

During  the  solution  of  series  of  problems  when  it  is  required  to 
find  not  the  only  outer  limit  or  the  parameter,  but  the  optimum  law 
of  its  change  (i.e.  to  optimize  functional) ,  are  applied  the  methods 
of  the  calculus  of  variations.  As  a  classical  example  of  the  use  of 
the  calculus  of  variations  serves  the  task  cf  optimum  trajectory,  for 
example  of  the  law  of  a  change  in  the  speed  of  aircraft  in 
height/altitude  during  lift  or  reduction/descent.  The  optimum  law 
V(H)  corresponds  to  the  extremum  of  any  functional  -  the  fuel  load  cr 
duration  of  ascent  to  base  altitude,  etc. 

As  another  example  of  the  use  of  an  apparatus  of  the  calculus  cf 
variations  during  the  design  of  aircraft  serves  the  determination  of 
the  optimum  law  of  bending  (twist)  of  median  surface  of  the  wing  of 
supersonic  aircraft  for  obtaining  the  maximum  lift-drag  ratio. 

In  many  of  these  tasks,  m  final  form  it  is  possible  to  obtain 
with  the  specific  assumptions  of  expression  for  optimum  laws  of  a 
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change  in  the  functions. 

Let  us  examine  as  an  example  of  the  use  cf  a  classical  method  of 
variation  problem  calculus  cf  the  optimum  law  of  a  change  in  the  wing 
chord  ratios  in  spread/scope-  As  the  subject  of  investigation,  let  us 
take  subsonic  aircraft  with  trapezoidal  (x>0°)  wing. 

Task  is  placed  as  follows. 

With  some  known  parameters  or  wing  and  aircraft  (G0,  S,  X,  tj,  D#) 
and  assigned/prescribed  flignt  conditions  (V,  H,  L)  to  find  the 
optimum  law  of  a  change  in  the  wing  chord  ratios  in  spread/scope, 
i.e.  to  find  te(z)]Qpt. 

Page  79. 

Evaluation  criteria  of  laws  cz(z)  with  (V,  H,  L)  =const  will  be 
incremental  value  in  the  takeoff  weight.  Optimum  law  iz(z)  corresponds 
tc  the  minimum  of  increase  in  tne  takeoff  weight  or  to  the  minimum  of 
quite  takeoff  weight  under  given  conditions.  The  variation  character 
of  the  task  in  question  escape/ensues  from  physical  considerations. 

In  fact,  if,  for  example,  thickness  ratio  c,  remains  constant  on 
spread/scope  (with  S,  X,  n)  =const],  then  the  weight  of  wing  will  be 
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less  than  in  the  case  when  cz  decreases  from  cne  root  to  with 
c0=const.  However,  the  aerodynamic  drag  of  "thick"  wing  with  c2=co 
=const  is  more  than  wing  drag  with  decreasing  value  cz  on 
spread/scope.  It  is  also  Known  that  on  the  value  of  aerodynamic  drag 
depends  the  takeoff  weight  of  aircraft,  i.e.  there  is  a  completely 
specific  weight  equivalent,  resistance  (see  Chapter  V),  the  change  in 
the  aerodynamic  drag  considerably  more  strongly  affecting  G0  than  the 
same  in  value  change  in  the  weight  of  wing.  Prom  these  considerations 
it  is  evident  that  version  ct(z)  =const,  apparently,  will  not  be  best. 

On  the  other  hand,  if  we  intensely  attenuate  of  wing  on 
spread/scope,  then  aerodynamic  resistance  decreases,  and  the  weight 
of  wing,  on  the  contrary,  will  increase  with  c0=const.  It  is  obvious, 
must  exist  the  optimum  law  of  cnange  ct(z),  under  which  the  takeoff 
weight  will  be  minimum. 

Let  us  compose  the  functional  of  task,  on  the  basis  of  the 
calculation  of  wing  to  bending  and  the  calculation  of  its  profile 
drag  when 

Air  loads  we  consider  proportional  to  chords.  As  a  result  of  the 
smallness  of  the  over-all  payload  ratios  of  the  spar  webs 
(conditional  beam)  and  ribs,  and  axso  due  to  the  smallness  of  the 
effect  of  dependence  h(z )  by  weignt  of  walls  and  ribs  during  the 
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solution  of  task  we  will  not  consider  their  weight.  We  consider  also 
that  material,  worker  tc  tne  common/general/total  bending  of  wing, 
together  with  walls  forms  the  caisson,  sufficient  for  the  perception 
of  the  torsional  moments. 

Thus,  during  the  compilation  of  functional  let  us  consider  only 
the  weight  of  material,  working  to  common/general/total  bending  wing, 
and  also  component  of  aerodynamic  drag,  which  depends  on  c;,  i.e. 
profile  drag  (when  Tne  calculation  grcss  weight  wing  cr 

common/general/total  aerodynamic  resistance  (taking  into  account 
inductive)  is  not  necessary. 

We  will  use  communication/conuection  between  a  change  in  weight 
and  aerodynamic  wing  drag,  on  one  hand,  and  change  in  the  takeoff 

weight  -  with  another: 

AG0  zz  AGk  p.H3r  —  -  [-  A  A  Kp.rtl,„^  —  2  =  AC?Kp,H3r*0  -f  A  XKp  np 

“^Kp.ior  "^xp.npoip  1  K 

where  AGn  -  change  in  the  takeoff  weight  of  aircraft; 

xc  ~  derivative  of  takecff  weiyht  rn  connection  with  a  change  in  the 

weight  of  aircraft  components  (see  Chapter  V) ,  -  weight  of  wing 

(*o=«?O0/<?G,w  dO0/<?GKP): 

xx* -  the  derivative  of  takeoff  weight  in  connection  with  a  change  in 
the  parasitic  aerodynairrc  drag  of  aircraft  components  (see  Chapter 
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V) ,  -  the  profile  drag  of  King  (*xa—dG0ldXyp.n!rO<t, ). 

4^*p.H3r  ^Kp.Hjr  0  ^Kp.nar  />  A/Yxp.npoil)  —  -<^Kp.npo<t>0  —  -^Kp.npo^i  l\ 

GmKsr0  and  ^Kp.npofco  -  weight  of  Material,  working  to  bending  wing,  and 
the  profile  drag  of  initial  wing  respectively; 

^np.H3r i  and  X„p.np0<i),  -  the  same  for  a  wing,  the  differing  fron  initial  by 
dependence  c(z). 

Page  80. 

In  this  c*.se 

(^Kp.Hjr 0>  A  Kp.npO'p  o) ==  COIlSt. 


Cl 


Let  us  designate 

*<jG  Kp.«iro==^  i= const;  ■<A',^Kp.iipo^lo=:::^2=  const. 

Then  we  have 

—  AG0  =  yGGKp.H3r  i  *t*  y-.V.A  Kp.npoip  i  —  N \  —  N ?■  (4- 14) 

The  weight  of  the  flanges  of  longeron/spars  (panels) ,  receiving 
the  bending  of  wing,  taking  into  account  discharging  will  be  [22] 

2  .. 

4i<?  r  "G 


GKp.Mjr  /  — 


€/•  cp 


f  '*•* 
J  ** 


"i|l 

t 


dz. 


(4-15) 


where  ct  -  the  greatest  profile  thickness  of  wing  in  cross  section  z;  | 


X  -  the  specific  gravity/weight  of  material; 
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*  -  coefficient  of  discharging; 


5  -  coefficient,  which  considers  the  effective  height/altitude  of 
flanges  (panels)  in  comparison  with  maximum; 


f  -  coefficient,  which  considers  the  decrease  of  average/mean 
voltage/stress  in  comparison  with  maximum; 


0cp-  average/mean  voltage/stress  in  upper  and  lower  regiment  (panel) 
determined  from  the  relationship/ratio 


1  _  1  ( 1  1 

1  ' 

«ep  2  Up 

Here  op  -  ultimate  tension; 


o«k  -  allowable  stress  during  compression. 

In  formula  (4.15)  Mt  -  the  bending  moment  in  the  current  cross 
section  z: 



Gortp 

3 


1  26*  +  6, 

- zt 

l  60  +  6* 


(4.16) 


where  b„  -  end  wing  chord; 


b0  -  wing  chord  along  the  axis  of  aircraft; 


bz  -  current  wing  chord; 
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7.  -  coordinate  on  spread/scope  from  wing  tip. 


After  placing  Mz  (4.16)  into  formula  (4.15)  and  simple 
conversions  from  condition  aop  (*)=const,  We  will  obtain 


Gi<p.H3r  I - 


4«pTfipO0 


ae/vfo  +  O 



1-Da. 


2'  [  *2d*  i  r  *idz 

7  a  '  j  7.A.. 


0  C,bz  ftJ  CtbK 


(4.17) 


Here  ct  —  2±  ;  -ri=—  . 


bz 


Let  us  manufacture  in  (4.17)  the  replacement  of  variables,  after 
designating  z'=dz/dct. 


Page  81. 


Then 

e»  (  2z*z’  l  z^z'  \  - 

aP.„t,=A,,j(__+_T-)rfc„  (4.18) 

where  c0  -  wing  chord  ratio  along  side  fuselage  1  without  talcing  into 
account  overflows; 


N. 


_  4rtp7<p(?0 

35/®cp/  (1)  +  1) 


= const. 


FOOTNOTE  l.  Is  assumed  that  to  tue  side  of  fuselage  from  the 
axle/axis  of  aircraft  wing  chord  ratio  it  does  not  vary.  ENDFOOTNOTE. 



- ^.-O^ - f«*^W 
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f=0. 80-0. 85. 


The  variable  part  of  aerodynamic  wing  drag  Ar„p.npo<t> <•  entering 
equation  (4.14),  can  be  found  as  follows: 

<^xp.upo<t>  i—cXpSq.  (4.19) 

For  determining  the  coefficient  of  profile  drag  of  wing  when 
M^MHpHT  we  will  use  known  formula  A.  A.  Dorcdnitsyn  -  L.  G. 
Loytsyanskiy  [15] 

c^=2c/i)£«1,  (4.20) 

where  cf  -  coefficient  of  the  friction  of  plate; 


nt  -  empirical  coefficient  nt»1.485); 

\  =  \(Cz,  xt)\ 

xt  -  relative  coordinate  of  the  transfer/transition  of  laminar 
boundary  layer  into  turbulent  (in  chord  from  leading  edge/nose). 


For  values  xt  =0.25-0.  30: 


tc~  1  4-  3,3cr 


Value  2 cf  we  take  according  to  Schlichting  [15]: 


2c, 


0,91 


(lg  Re)2’58 

Substituting  the  value  of  coefficients  into  formula  (4.20) ,  we 
will  obtain  for  wing  cc2*coust 

_  1,35(1  +  3, 3c,) 


'  *P~ 


(lg  Re)' 


2,58 


**  -r  -  <- 

.  ...JiL,... 


*ji35tari» IgStv.  8 


Here  y  is  accepted  in  G0  -  in  kg;  acp  -  in  kgf/m2;  (^=0.85-0.90; 



■  3 


1 



f 



1 


A 


% 
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Finally  the  functional  of  this  task  takes  the  fora 

f_  2  »0AteV 


V^3 


■%xNiC2z'. 


(4.26) 


iK  -  ' 

The  condition  of  optimum  ct(z)  is  the  equation  of  Euler  £35], 
which  in  the  expanded/scaaned  fora  is  record/written  as  follows: 


d*P 


■*"  + 


*^Z'. 


dip 


dP 


(4.27) 


(dz')i  -  '  dz'dz  "  1 

After  calculating  the  derivatives,  provided  for  (4.27),  we  will 
obtain 

~2*QNa  — - lolfl.  Af4=0.  (4.28) 

(<z)2*z  bK  (C,)* 


Since  functional  (4.2b)  is  linear  relative  to  first-order 
derivative  z* ,  the  solution  (4. <8)  is  degenerated  and  it  takes  the 
form  of  the  usual  algebraic  equation  where  bl  -  known  function  from 


z. 


From  (4.28)  we  have  unknown  optimum  law  cz  (z) 

/.-fsrti+i)-  (4-29) 

It  is  more  convenient,  however,  to  deal  not  concerning  the 
absolute  values  of  coordinate  z,  out  concerning  relative  ones 


2 

Page  83. 


Let  us  replace  in  formula  (4.29)  the  appropriate.  Besides  in 



Rift 


2s  > 


®b  ’■< 
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addition  to  this,  let  us  take  bK  and  bz  the  fern: 


b„=- 


Yfr  v-^j/A-ii+h-i’Sl 


ij  +  1  /  i  +  l 

and  in  coefficient  of  M4  let  us  take  air  density  according  to  the 


formula  of  Vetchinkin  V.  P. 


jo-// 

P°  20  +  //  ’ 


where  H  in  km. 


where 


Then  solution  (4.29)  attar  conversions  will  take  the  form 

"•[nnrrir.+>F  (4•30, 

<4-3!> 

In  fornulas  (4.30)  and  (4.31)  spread/scope /=]/ 

r  />o 

G0-X  K?c'  KtS/m*  //-*  KM,  l/-\£  uji- 

In  the  limits  of  one  class  of  aircraft  (lg  He)  *»•  it  changes 
insignificantly  and  it  is  possible  to  take  as  its  equal  to:  180  -  for 
the  aircraft  of  short  distance;  200  -  for  the  aircraft  of 
average/aean  distance;  220  -  for  the  aircraft  of  large  distance. 


With  1=1  we  have  (Co)oot:  ^  _ 

£*-.=&,.=i(/ ^ -  0.)/jVf  (f +  1  )  ■  (4. 


.32) 


*  \  r  ro  if  \  ’i  / 

Prom  formulas  (4.32)  and  (4. 31)  it  is  evident  that  with  increase  4, 
*g.  H,  \  the  optimum  wing  chord  ratio  in  root  (along  side  fuselage) 
increases;  with  increase  V,  xx„»A>  values  (c0)  0Pt  decrease;  with  increase 

fo  value  (co) opt  decrease;  with  Increase  G„  in  value  (c0)„Pt  they  increase. 
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Thus,  if  an  increase  iu  the  parameter  leads  to  an  increase  in 
the  weight  of  wing,  then  tms  increase  it  leads  also  to  increase  of 
(co)opt  and  vice  versa. 


It  must  be  noted  that  solution  (4.30)  does  not  depend  on  the 
sveepback  of  wing,  since  area  S  when  (bz,  t)  =const  does  not  depend  on 
X*  if  chords  are  taken  along  flow. 


The  characteristic  feature  of  the  obtained  solution  is  the  fact 
that  with  z=0  (at  wing  tip)  tne  optimum  thickness  ratio  also  must  be 
equal  to  zero.  This  is  explained  oy  the  fact  that  the  bending  moment 
at  wing  tip  is  equal  to  zero,  ay  the  way,  if  we  consider  not  only 
bending  strength  of  wing,  out  also  for  torsion,  then  the  indicated 
special  feature/peculiarity  of  the  solution  will  not  be  changed, 
since  the  torsional  moment  at  wing  tip  is  also  equal  to  zero. 


Virtually,  however,  it  cannot  be  made  c.=0=o,  since  will  not  be 
reached  the  necessary  rigidity  of  end  cross  sections  for  the  torsion 
(is  feasible  the  reversal  of  ailerons  and  wing  flutter) .  Besides  in 
addition  to  this,  when  ?.  £0.08  the  lift  effectiveness  of 
airfoil/profiles  sharply  fall,  hinders  the  high-lift  device  of  wing. 


appear  other  structural/design  difficulties.  Taking  into  account  the 
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satisfaction  of  these  all  requirements  is  selected  value  c„. 


Page  84. 


Thus,  formula  {4.30)  can  be  virtually  used  only  in  root  wing 
sections,  to  30-35o/o  of  spread/scope,  and  for  the  remaining  part  of 
the  wing  should  be  accepted  either  c;=c,c  =0.  08-0 .09=const  or  law, 
close  to  linear  l,  in  this  case,  at  wing  tip,  it  is  necessary  to 
ensure  cK  =0.08-0.09. 


FOOTNOTE  i.  Since  it  is  necessary  to  consider  the  required  volume  of 
wing  for  the  arrangement/positicn  cf  fuel/propellant.  ENDFOOTNOTE. 

Examples  of  theoretical  optimum  law  cr(z),  the  constructed 
according  to  formula  (4.30) ,  and  practical  optimum  law  where  in  end 
and  wing  center  sections  cz=cn  =const,  they  are  given  in  Fig.  4.10. 


Besides  the  examined  aoove  case,  when  average/mean  design 
stresses  ocp  =const  on  tne  wingspan,  is  of  also  interest  the  case, 
characteristic  for  the  sweptnack  wings  when  iaf^i=const=d  on 

Ci 

spread/scope.  The  solution  in  this  case  does  not  differ  in  principle 


from  (4. 29)- (4. 30)  and  it  takes  the  form 




(4.33) 


where  E„~-  -=const; 


3 tfdl  (tj  + 1) 


x  const. 
•'0 
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Comparison  shows  that  under  condition  facpW^*  =const  optimum  values  cz 
on  the  average  on  (5-7)o/o  are  more  than  under  condition  (<*cp)*=const. 
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Page  85. 

Thus,  the  examined  variational  problem  gives  the  possibility  to 
base  to  theoretically  and  ootain  virtually  (with  correction  for  the 
guarantee  of  rigidity  of  wing)  the  optimum  law  of  a  change  in  the 
wing  chord  ratio  in  spread/scope. 

Analogous  variational  prooleus  can  be  solved  and  in  connection 
with  supersonic  aircraft  during  the  determination  of  optimum  laws 
cz(z)ot  wing,  sectional  areas  of  fuselage  along  the  length  and  the 
like  taking  into  account  a  cnange  in  the  aerodynamic,  weight  and 
rigid  characteristics  of  aggcegate/units  with  some  assigned 
magnitudes,  for  example,  witn  assigned/prescribed  volume  for  the 
arrangement/position  of  t uei/prcpellant . 
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Section  II. 

SELECTION  OF  SCHEME,  POWER  PLANT  AND  BASIC  PARAMETERS  OF  AIRCRAFT. 

Chapter  VI. 

AIRPLANE  DESIGN.  ANALYSIS  AND  SELECTION  OF  DIAGRAM. 

Airplane  design  is  determined  by  relative  position,  fora  and 
quantity  of  basic  aggregate/units  of  aircraft  -  wing,  fuselage,  tail 
assembly  and  engines. 

By  a  quantity  of  aggregate/units,  are  distinguished  following  of 
the  diagram;  biplane  and  monoplane  (Fig.  6. la,  b)  ;  with  one  or  two 
fuselages  (Fig.  6.1c,  d)  ;  with  one  or  two  surfaces  of  horizontal  or 
vertical  tail  assembly  (Fig.  6.  1e) ;  with  one  cr  several  engines.  Are 
possible  airplane  designs  without  wing  (the  "flying  fuselage")  l. 


without  fuselage  ("  the  flying  wing") ,  and  also  without  horizontal 
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tail  assembly  ("bobtailed  aircraft")  • 

FOOTNOTE  *.  At  the  speeds,  which  correspond  ti>5,  the  fuselage  little 
is  inferior  to  wing  according  tc  lift  effectiveness.  At  low  speeds 
the  lift  can  be  created  by  the  thrust  of  special  engines. 
ENDFOOTNOTE. 

Page  98. 

These  diagrams  are  given  in  Fig.  o.lf,  g,  r.,  c,  t. 

The  form  of  aggregate/units  can  change  in  flight  (transformed 
diagrams.  Fig.  6.1h,  I,  j) . 

Let  us  incidentally  note  that  the  aircraft,  designed  by  diagram 
'•bobtailed  aircraft",  in  the  world  was  for  the  first  tine  created  in 
our  country  (aircraft  BlCh-J,  1926,  designer  E.  I.  Cheranovskiy) . 

The  characteristic  feature  of  diagram  is  created  by  wing 
planform  -  aircraft  vita  direct/straight,  swept,  delta  wings,  with 
the  wing  of  variable  on  the  spread/scope  of  sweepback  (Fig.  6.1k-m). 
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The  distinctive  special  tedtu.ee/peculiarity  of  the  diagram  ere  ites 
wing  arrangement  relative  to  fuselage  on  height/altitude  (Fig.  6.  Ip, 
q,  r)  -  low  wing  monoplane,  aiidwing  monoplane,  high  wing  monoplane. 

Most  important  differences  according  tc  aerodynamic,  weight  and 
operating  characteristics  creates  mutual  wing  arrangement  and 
horizontal  tail  assembly  along  tue  length  of  fuselage  -  diagram 
normal,  or  classical  (Fig.  6.1s),  "bobtailed  aircraft"  (Fig.  6. It)  1 
and  the  diagram  of  "weft"  (Fig.  6.1u). 

FOOTNOTE  l.  The  role  of  horizontal  tail  assembly  here  perform  elevons 
on  rear  the  lump  of  wing.  ENDFOCTNGTE. 

Less  important  sign/criterion  of  diagram  is  the  arrangement  of 
engines  on  the  aircraft  (see  g  4)  . 

How  to  explain  this  diversity  of  diagrams?  Basic  reason  -  in  the 
diversity  of  requirements  for  aircraft,  in  the  continuous  development 
of  the  possibilities  of  tneir  satisfaction.  Each  of  the  diagrams 
reflects  designer’s  tendency  to  in  the  best  way  satisfy  operational 
requirements  in  this  state  of  development  of  aviation  and  technology. 
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This  tendency  it  leads  sometimes  to  the  solutions,  which  do  not 
justify  itself  in  practice.  As  an  example  of  this  solution  can  serve 
the  diagram  of  the  unsytcoetric  aircraft  BV-141  (firm  Blom  and  Foss), 
constructed  in  Germany  into  1938  (Fig.  6.2) . 

By  interesting  in  this  diagram  is  represented  the  idea  to 
radically  improve  pilot’s  survey/coverage  on  single-engine 
reconaisance  airrcraft. 

From  entire  diversity  of  the  guestions,  connected  with  the 
selection  of  airplane  design,  let  us  examine  further  following  most 
important  and  actual/urgenu  ones: 

-  analysis  and  selection  of  the  diagram  of  supersonic  aircraft; 

-  analysis  and  selection  of  the  diagram  cf  subsonic  aircraft; 

-  airplane  design  to  o y  the  wing  of  the  variable  in  flight 
sweepback ; 

-  arrangement  of  engines  on  aircraft. 
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Fig.  6.2.  tlnsymraetric  aircraft  BV-141  of  firm  Blom  and  Foss.  Basic 
data:  G0=  4400  kg;  oliycT-207o  kg;  S=5J.1  m2;  5=17.46  in;  vinax-45o  km/h; 
vKpcnc-350  km/h;  motor  6  M  Si-80  1;  tJo=1600-  hp. 

Page  100. 


The  formulation  of  the  pronlea  of  the  selection  of  diagram  and 
parameters  of  aircraft  is  examined  in  §  1  of  chapter  III.  Let  us 
recall  only  that  during  tne  assigned/prescribed  operational 
requirements  and  other  limitations,  placed  by  the  stress  standards, 
rigidity  and  operation,  it  is  necessary  among  entire  diversity  of 
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diagrams  and  parameters  of  aircraft  to  select  such,  which  they  would 
lead  to  the  outer  limit  cf  evaluation  criteria  of  aircraft.  As 
evaluation  criteria,  are  considered:  the 

cost-effectiveness/efficiency  of  operation  (ccmmercial  airplanes)  , 
combat  effectiveness  or  cost/value  of  accomplishing  operation.  The 
approximate  criterion  is  the  value  of  takeoff  weight.  The  best 
airplane  design  of  any  designation/purpose  in  the  first 
approximation,  ^..responds  to  the  minimum  of  takeoff  weight  1  during 
all  assigned/prescribed  limitations  [4,  25]. 


FOOTNOTE  l.  During  more  detailed  comparison  should  be  considered  also 
the  effect  of  diagram  on  manufacturability  and  the  maintainability  of 
construction/design,  convenience  in  the  operation  and  comfort  of  the 
crew  and  passengers.  ENDFOOTNOTE. 

Among  many  diagrams,  at  first  are  take/selected  (on  the  basis  of 
precomputations  and  experiment)  several  most  interesting  ones,  which 
compete.  Then  they  are  in  detail  investigated  quantitatively  (on 
evaluation  criteria)  and  it  is  qualitative  (according  to  the 
sign/criteria,  which  did  not  enter  the  algorithm  cf  optimization). 


§  1.  Analysis  and  selection  of  tne  diagram  of  supersonic  aircraft. 


Let  us  examine  nonmaneuver aole  long-range  aircraft  with  the 
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fixed/recorded  wing  2,  and  also  aircraft  of  maneuverable  class. 

FOOTNOTE  2.  Airplane  design  witn  the  variable  sweepback  of  wing  is 
examined  in  §  3  of  this  chapter-  ENDFOOTNOTE. 

Let  us  consider  that  the  aircraft  have  a  usual  running  take-off  and 
running  landing  3. 

FOOTNOTE  3.  The  diagrams  of  VTOL  aircraft  and  STOL  are  examined  in 
chapter  X,  the  diagram  air  space  aircraft  -  in  chapter  XI. 
ENDFOOTNOTE. 

When  selecting  of  the  diagram  of  nonmaneuverable  long-range 
aircraft,  considerable  attention  is  given  to  the  value  of  maximum 
lift-drag  ratio  tfmax  in  cruise,  since  from  it  directly  depends  either 
flying  range  with  known  relative  all  fuel/propellants  ((7x=const),  or 
value  and  G0  with  L=const. 

Maximum  lift-drag  ratio  can  ne  increased,  for  example,  due  to 
the  decrease  of  the  midsectioas  ox  the  ncncarrying  parts,  decrease  of 
the  washed  surface  of  aircratt,  and  also  by  a  reduction/descent  in 
the  so-called  trim  drag.  The  first  two  methods  do  not  require  special 
explanations.  Let  us  pause  in  mere  detail  at  the  dependence  of 
lift-drag  ratio  on  trim  drag,  wmch  depends  substantially  on  airplane 
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design. 


Let  us  examine  the  classical  (normal)  diagram  and  the  diagram  of 


"weft 


From  the  trimmed  conditions  of  aircraft,  we  will  obtain: 


-  for  a  classical  diagram  (Fig.  6.3a) 

Fr.o  __  Xx  —  Xr  * 

Fkp  ■*!•.<> —  Xt 

-  for  the  diagram  or  “weft11  (Fig.  6.3b) 

y r.o  Xx  —  Xr 

y Kp  -*r.o  +  xt 

Assuming  that  *t=Ax, 


xT.o  —  xT=Lrn  (for  a  classical  diagram)  ; 


•*r.o+*T==Ar.o  (for  the  diagram  or  “weft"),  and  relating  values  Ax  and 
f-r.o  to&cAx.  will  obtain 

Fr.o  __  ~hx 
y«  P  Ar.o 


Page  101. 


At  supersonic  speeds,  as  rs  Known,  the  airfoil  center  of 
pressure  is  considerably  moved  .oack/ago  and  Ax  it  increases,  and 
relation  Vm/^kp  can  retch  value  by  0.15-0.20  (in  subsonic 
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condi tions/raode  0.03-0.05).  Hence  it  follows  that  the  balance  in 
supersonic  conditions/mcdes  leads  to  an  essential  increase  in  the 
resistance,  connected  with  horizontal  tail  lift. 

The  total  drag  of  aircraft  taking  into  account  balance  is  equal 
X=Xa  +  X,  Kp  +  Xtet— A'o-f  Xt  Kp  +  Xt  r  0. 

After  dividing  both  parts  of  the  equation  to  qS  [we  consider  that 
</i<p=<7p.«  and(4)K-=(cj)ro]twe  will  ootain 

Cx=*  cx<>  +  +  °x6 ** ~  Cx>  +  Cxi  kp  +  Cxi  r  o^r  " ’ 

or,  since  for  classical  diagram  cu~cyKP  +  cVr  o’S~.0<  and  for  the  diagram 

of  "weft"  cy~ cVi(p— CyrgST<0,  that  respectively 

c  j:  =  c^0  +  D0{Cyvv  4-  C,jfj  -f  D0clrS'.o ;  (6.1) 

CX~C*0  +  A>  (CyK-  Cyr  Sr.J  +  l.Vl  jr  o,  (6.  1') 

where  D0--lJcl. 

From  Fig.  6.3  it  fellows  that 

icvKP  +  cvt'0st  o)  &x= ct>r.0Lr  o-S'r.o  —  Am  oacciwecKofi  cxeMi>i; 

(~c‘'K?~ci/r.0Sr.i,)^x=CyroLr.0Sr.0  —  aj\fi  cxe.\u>!  „yTKau. 


Key:  (1).  for  a  classical  urayram.  (2).  for  diagram  of  "weft" 
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for  the  diagram  of  ‘'weft” 


r  =  Cx.  +  Dffll  1  4-  ~—X\  •  (  1  4  — =-~_  .  (6.2') 

(^•r.o  +  Ax)2  \  Sr.0  )  Lt,0  4-  Ax  _ 


Thus,  C,=^0  +  Dofia,-4KP.  “here  ^O6a.,=(l+»)D0.*  moreover  u  - 

coefficient,  which  considers  ue  effect  of  balance  on  the  resistance 
of  aircraft.  For  the  classical  diagram 


(^r.o  —  AJ*T)2 


V  $r.o  '  f  r.o  —  A JC 


for  the  diagram  of  "weft” 


,  =»  — _  A*2_  ( 1  -f  J— \-2  _  . 

(f  r. o  4-  A.*1)2  \  Sr.0  /  /.r.o  4" 


Maximum  aerodynamic  aircraft  guality/f ineness  ratio,  as  is 


known,  it  is  equal 


w- 


**Po 


Taking  into  account  the  trim  dray 


K""- T|/  cjoc; 

/C,nax  =  Y  ]/"  c4oD0(1  +  « 


The  given  above  formulas  make  it  possible  to  draw  a  conclusion 
about  the  considerable  effect  or  value  u  on  aerodynamics  of  aircraft. 
Is  than  more  w,  the  greater  the  trim  drag  and  the  greater  the  loss  of 
lift-drag  ratio. 
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During  the  analysis  of  trim  drag,  it  is  convenient  to  utilize  a 
concept  of  the  focus  of  aircraft.  As  is  known,  xF—  xr=  —  m'/,  where 
mCzJ-  -  derivative  of  the  coefficient  of  the  pitching  moment  of 
aircraft  in  cu  {reserve  of  longitudinal  static  stability)  ; 

xF=XF/bcKX‘,  x7  —  X^jbcKX- 

Page  103. 

The  greater  the  margin  or  stability  mc«,  the  more  and  the 

balancing  losses  of  lift-drag  ratio,  since  increases 

xF — xr=[Ax  ±  ST.„Lr  „)- — ~ —  (nere  in  brackets  plus  sign  it  corresponds 

1  +  sr,0 

to  normal  diagram,  and  minus  -  to  a  diagram  of  "weft") . 

For  the  stabilization  of  supersonic  aircraft  in  subsonic 
conditions/mode  value  mc«  is  selected  in  limits  0.02-0.05,  but  in 
supersonic  conditions/aodas  as  a  result  of  the  movement  of  focus, 
back/ago  longitudinal  static  stability  considerably  increases  (if  we 
do  not  take  the  special  measures,  indicated  below),  especially  on  the 
aircraft  of  normal  diagram.  Aircraft  "bobtailed  aircraft"  occupies 
certain  mid-position  according  to  the  greatest  shift/shear  of  focus 
back/ago  upon  transfer  from  ONE  d<  1  to  M>l  (Fig.  6.4).  For  the 
aircraft  of  this  diagram  with  fl>. /plane  wing  (the  flat  surface  of 
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wing  chords)  *F«0,35  and  Jt«0,3  with  MCI,  but  with  3>=0,5. 
Thus,  "bobtailed  aircraft"  with  iiat/plane  wing  has  with  M'^1 
if  *T=0,30. 


mcy  =  —0,15, 

Z 


£ 

Effect  mz  on  relative  maximum  lift-drag  ratio 
Kmax  —  Kmzr.\{Kmax)  mey=z 0  of  the  aircraft  of  two  diagrams  is  shown  in 

Fig.  6o5.  These  curve/grapus  are  constructed  at  typical  values  Ir.. 
and  S,.,,  the  aircraft  of  normal  diagram  and  diagram  of  "weft".  It  is 
evident  that  the  aircraft  of  classical  diagram  (with  flat/plane  wing) 
has  the  large  losses  of  maximum  aerodynamic  quality,  than  the 
aircraft  of  the  diagram  or  "weft". 


This  fact  brought  recently  to  thought  about  the  advisability  of 
applying  the  diagram  of  "weft"  for  heavy  long-range  aircraft  (for 
example,  the  aircraft XB-70  "ValKyrie",  USA) .  Then  it  was  explained 
that  losses  Kmax  from  balance  can  be  substantially  decreased  or  even 
eliminated  for  the  diagrams  m  question,  if  we  use  the  following 
constructive  solutions: 


1)  the  "floating"  or  removed  with  M<1  horizontal  tail  assembly 
in  forepart/nose  aircraft  component. 



m 
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Fig.  6.4.  Change  in  the  longitudinal  stability  factor  of  the  aircraft 
of  normal  diagram  and  diagram  of  “weft"  (wing  flat/plane) . 

Fig,  6.5.  Dependence  of  relative  lift-drag  ratio  on  degree  of 
longitudinal  static  stability  (wing  flat/plane) : 

—  *nin  x/(^max)  r,  —  n 
'  m  6  ' 

2 

Page  104. 


At  subsonic  speed  this  tail  assembly  either  is  removed  into  fuselage 
or  as  weathervane,  is  installed  at  zero  or  certain  permanent  positive 
angle  of  attack  and  does  not  affect,  thus,  to  the  position  of  the 
focus  of  aircraft.  The  aircraft  of  the  diagram  of  "weft",  for 
example,  with  this  tail  assembly  with  M<1  and  ctro^0  (^.0=0)  is. 
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actually,  ’’bobtailed  aircraft’1.  At  supersonic  speed  the  tail  assembly 
is  jammed  at  the  specific  angie  of  attack  and  it  displaces  the  focus 
of  aircraft  forward  to  value  Axj.-=5r.oIr.o  (here  3r.o  and  Ir.o  •  are 
related  to  tail  assembly  -  destabilizer) .  In  this  case  ini  with  M<1 
and  with  M»1  it  can  have  tne  iuentical  values  of  order  0.03-0.05, 
that  also  requires  (Fig.  6.6)4 


2)  root  overflows  on  wing  (Fig.  6.7)  before  the  center  of 
gravity  of  aircraft.  Witn  M>1  the  effectiveness  of  overflows  due  to 
increase  (cl  h*..*)  increases.  Tnerefore  with  an  increase  in  Mach  number 
of  flight,  the  focus  of  aircraft  is  moved  forward  and  with  the 
calculated  Mach  number  the  longitudinal  stability  factor  decreases  to 
acceptable  size/diaensicns4 


3)  the  strain  of  median  surface  of  wing  (surface  of  chords) . 
Ming  seemingly  is  adjusted  to  basic  conditions/mode  (cv,  M)  of  the 
flight,  by  which  the  losses  to  balance  are  brought  to  the  minimum 
(Fig.  6.8)4 


4)  the  deflect/diverted  with  M»1  ends  of  the  swept  or  delta 
wing;  wing  tips  are  converted  into  supplementary  fins  and  do  not 
participate  in  lift  formation. 


Key:  (1).  Overflow.  (2)  .  example 
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focus  of  aircraft  with  this  operation  is  shift/sheared  forward  to 
value  kxF-S,{L,t,  where  -  the  relation  to  the  area  of  the 
deflect/diverted  part  of  the  wing  toward  gross  wing  area; 

LK=LJbc\\\  /.„■  ~  distance  from  tne  center  of  gravity  of  aircraft  to 

the  center  of  pressure  of  the  def xect/diverted  part  of  the  wing 
(along  the  axis  of  aircraft). 

All  examined  higher  methods  of  decreasing  the  longitudinal 
stability  factor  of  aircraft  at  supersonic  speed  the  basic  during 
limitation  displacements  of  focus  with  the  aid  of  an  additional 
increase  (creation)  in  the  lift  nefore  the  c.-nter  of  gravity  of 
aircraft  or  with  the  aid  of  its  decrease  after  the  center  of  gravity. 
Besides  these  methods,  it  is  possible  to  utilize  some  more,  in 
principle  different  from  precediug/previous,  given  in  p.  5', 

5)  the  displacement  oack/ago  of  the  center  of  gravity  of 
aircraft  (following  by  the  displacement  of  focus)  via  the  pumping  of 
fuel/propellant  from  f ront/leadiny  tanks  into  rear  balancing  tank. 
This  solution  is  utilized  usually  in  combination  with  those 
enumerated  above.  Its  def iciency/lack  lies  in  the  fact  that  for  the 
rapid  pumping  of  fuel/propeiiant  are  required  the  very  powerful/thick 
(usually  -  several  ten  kilowatts)  and  heavy  pumps,  and  also  the  fuel 
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lines  of  large  productivity,  tfnen  after  the  pumping  of 
fuel/propellant  it  is  back/ago  necessary  to  specially  decrease  the 
flight  speed  prior  to  M<1,  it  is  necessary  to  apply  the  emergency 
discharge  of  tne  transferred  ruei/propellant.  to  avoid  the  pitch 
instability  in  subsonic  zone  (Fig.  6.9). 


The  presented  methods  allow  to  a  greater  or  lesser  extent  to 
solve  the  problem  of  lift-drag  ratio  taking  into  account  balance.  For 
the  diagrams  of  "weft"  and  "bootailed  aircraft"  it  is  solved  more 
successfully,  for  a  normal  diagram  -  it  is  less  successfully  in 
connection  with  the  large  snift/snear  of  the  focus  of  aircraft 
back/ago. 


Let  us  examine  now  tnree  diagrams  of  nonmaneuverable  supersonic 
aircraft  ("weft",  "tailless"  and  normal)  from  other  point  of  view. 


On  the  safety  of  operation,  the  aircraft  of  the  diagram  of 
"weft"  is  inferior  to  the  a_rcraft  of  other  diagrams.  Reasons  for 
this  following. 
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Key:  (1).  instability.  (2).  stability. 
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1.  From  condition  (.V/z)6e3r„=(A^)(  o  for  diagram  of  '‘weft”  we  have: 


if  m'  *  > 

l~(5,.o)2 


then  c„  >c;.  . 

*«-0  ^  *'kJ» 


At  typical  values  6V.,,  <0,15,  L,  „  <  2  we  have  ^,,0  >  %,.  if 

0,o4(i.  Usually  in  the  diagram  of  "weft"  when  M<M  —  m^> 0,046. 
Therefore  loss  of  lift  at  high  anyles  of  attack  begins,  as  a  rule, 
first  on  tail  assembly  (c//r.0 > %)■  In  this  case  Kh'p<0  (at 
eguilibrium  V, ,„=(?—  }' .„)  and  the  aircraft  of  the  diagram  of  "weft" 
together  with  peck  (toryue/aoment  1  ,.p  to  dive  relative  to  the  center 
of  gravity  of  aircraft,  see  Fay.  6.3)  it  loses  altitude  (it  sags). 


2.  Spinning  properties  of  aircraft  of  diagram  of  "weft"  are 
worse  than  aircraft  of  ether  diagrams. 

3.  Aircraft  of  diagram  of  "weft"  possesses  insufficient  dynamic 
stability  (it  is  difficult  to  extinguish  short-period  vibrations)  . 

It  would  seem  that  winy  area  on  this  aircraft  it  is  possible  to 
select  less  than  on  the  aircraxt  of  other  diagrams,  since  horizontal 
tail  assembly  creates  positive  liit.  However,  of  this  advantage  the 
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aircraft  of  the  diagram  or  ••weft”  is  deprived.  The  fact  is  that  the 
possibility  of  the  high-lift  device  of  wing  is  here  limited  by  the 
trimmed  conditions  and  flow  separation  from  tail  assembly.  Moreover, 
the  lift  of  wing  as  a  resalt  of  downwash  from  tail  assembly  decreases 
by  10-15o/o.  Therefore  acceptable  takeoff  and  landing  characteristics 
of  the  aircraft  of  the  diagram  of  ••weft’'  are  achieved  by  an  increase 
in  the  wing  area  l. 

FOOTNOTE  t .  Is  possible  also  tae  “super- mechanization/high-lift 
device"  of  horizontal  tail  assembly  (UPS) .  However,  in  this  case, 
grow/rises  taper  after  tail  asseiaDly,  falls  K,<P,  it  appears  stability 
problem  of  flow  at  the  engine  inlet,  etc.  ENDFOOTNOTE. 

In  any  case  of  the  gain  of  area  and  weight  of  wing  in  comparison  with 
normal  diagram,  this  diagram  does  not  give. 

Aircraft  "bobtailed  aircraft"  (and  also  the  "flying  wing")  has 
following  oc  the  advantage: 

-  is  lesser  than  the  loss  cf  lift-drag  ratio  from  balance  with 
M>1.2  than  in  the  aircraft  of  normal  diagram, 

-  the  smaller  cost/value  of  construction/design  (to  10-15o/o) 
due  to  the  absence  of  horizontal  tail  assembly  as  independent 
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aggregate/unit. 


It  should  be  noted  that  generally  horizontal  tail  assembly  it  is 
necessary  to  nonmaneuveraule  supersonic  aircraft  mainly  at  high 
angles  of  attack  (takeoff,  landing,  output/yield  from 
disruption/separation,  etc.),  in  tne  cruising  flight  of  the  function 
of  horizontal  tail  assembly  successfully  they  can  fulfill  flaps  (in 
the  diagram  "bobtailed  aircraft"  -  elevon?',  . 


However,  during  takeoxf  anu  landing,  of  diagram  "bobtailed 
aircraft"  is  inferior  tc  tne  aircraft  of  normal  diagram,  since  the 
wing  of  tailless  aircraft  uoes  not  allow/assume 
mechanization/high-lif t  device  2. 


FOOTNOTE  z.  For  the  longitudinal  balance  of  aircraft  elevens  it  is 
necessary  to  deflect/divert  upward,  to  the  side,  opposite  to  the  flap 
deflection.  ENDFOOTNOTE. 


For  an  improvement  in  the  ta^eofr  and  landing  characteristics  of  the 
aircraft  of  diagram  "bcttailed  aircraft"  (fpaae.  i»po6>  I^otPi  l^noc)  it  is 
necessary  to  increase  wing  area  (due  to  low  values  cv<  Fig.  6.10). 


Certain  positive  erfect  it  is  possible  tc  attain,  if  on  the 
aircraft  of  diagram  "bcttailed  aircraft"  to  use  advanced  in  nose 
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section  during  takeoff  and  landing  small  wing  (the  so-called  "pen”. 
Fig.  6.1j).  Its  area  usually  does  not  exceed  1.5-2o/o  of  wing  area. 

When  selecting  of  the  diagram  of  supersonic  non maneuverable 
aircraft  the  important  value  acquires  the  sum  of  the  weight  of  wing, 
fuselage,  tail  assembly  anu  fuel/propellant. 

Page  107. 

On  the  aircraft  of  normal  diagram,  it  is  possible  to  obtain  gain  in 
the  weight  of  wing  due  to  its  smaller  area  (if  allow/assuraes  volume 
for  the  arrangement/posxtion  of  fuel/propellant) ,  but  at  the  same 
time  it  is  possible  to  lose  xn  tae  weight  of  fuselage  and 
fuel/propellant  (decreases  lift-arag  ratio  as  a  result  of  losses  to 
balance) ,  and  also  in  tne  weight  of  tail  assembly. 

On  aircraft  ”bobt ailed  aircraft”,  on  the  contrary,  is  obtained 
the  smaller  fuel  load  and  fuseiage  (there  are  nc  loads  on  fuselage 
from  horizontal  tail  assemnly) ,  nut  larger  weight  of  wing. 

In  each  specific  case  tne  naiance  of  these  weights  can  be  either 
on  the  side  of  normal  diagram  or  on  the  side  cf  diagram  ”bobtailed 
aircraft”.  Everything  depends  on  tne  concrete/specific/actual 
limitations:  values  of  distance  ana  Mach  number  of  flight,  length  of 
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VPP  and  the  like.  To  give  any  final  recommendations  regarding  this 
question  is  not  impossible.  It  is  at  present  clear  only,  that  the 
diagram  of  "weft"  on  the  aircraft  of  the  class  in  question  did  not 
justify  those  hopes  which  for  it  were  laid. 


|M 


When  selecting  of  the  position  of  wing  relative  to  fuselage  on 
heigh t/altituda  on  supersonic  ncmaaneuvetable  aircraft  one  should 
consider  that  the  low  wing  monoplane  has  a  row/series  of 
structural/design  and  operational  advantages  before  the  high  wing 
monoplane: 

-  more  conveniently  to  fasten  and  to  retract  the  landing  gear. 


-  increases  coefficient  cv  during  takeoff  and  landing  as  a 
result  of  more  effective  ground  effect  (Acv«0,l); 

-  is  provided  buoyancy  during  ditching. 

If  the  conditions  for  load  and  unloading  (jettisoning) 
purposeful  load  do  not  dictate  unambiguously  high  wing  arrangement, 
then  one  should  approach  tne  diagram  of  low  wing  monoplane  or 
semi- low- wing  monoplane  especially  because  coefficient  cj0  of 
supersonic  aircraft  -  lew  wing  monoplane  virtually  does  net  differ 
from  cxo  high  wing  monoplane. 





_ _ 
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Maneuverable  supersonic  aircraft  *  roust  satisfy  following  basic 
requirements. 

FOOTNOTE  Here  are  examined  aircraft  with  usual  takeoff  and  landing 
and  fixed/recorded  geometry  of  wing.  ENDFOOTNOTE. 

-  maximum  reserve  thrust  for  guaranteeing  of  rapid 
acceleration/dispersal  and  necessary  vertical  velocity^ 

-  the  high-lift  device  of  winy  in  entire  speed  range  for 
guaranteeing  of  a  rapid  turn  ana  cnange  in  altitude^ 

-  the  velocity  of  landing  approach  with  poor  visibility  must  not 
require  too  high  a  qualification  of  the  pilots. 

When  selecting  of  the  diagram  of  maneuverable  supersonic 
aircraft,  should  be  considerea  these  requirements. 
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Pig.  6.10.  Lift  coefficient  with  takeoff  (without  taking  into  account 
ground  effect) . 

Key:  (1) .  Limitation  on  the  height/altitude  of  chassis/landing  gear, 
on  survey/coverage,  on  the  contact  by  tail  of  VPP.  (2) .  Angle  of 
attack  of  wing. 
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Fig.  6.11.  Standard  diagrams  of  maneuverable  supersonic  aircraft  (to 
Ttable  6.  1)  . 
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Page  108. 
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For  a  comparison  let  us  take  two  diagrams  -  normal  and 
"bobtailed  aircraft”  (Fig.  b.11)  with  the  following  initial  data:  the 
calculated  number  M=2.2;  the  radius  of  action  550  km:  takeoff  run 
length  -  not  more  than  750  m;  approach  speed  not  more  than  280  km/h; 


in,  — JMMMf 
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crew  1  man/person;  purposeful  load  1500  kg;  power  plant  -  one  TRD 
[turbojet  engine). 

The  results  of  comparison  are  given  in  table  6.1.  Table  6.1 
shows  the  advantage  of  normal  diagram  by  takecff  weight  (in  essence, 
due  to  smaller  wing  area).  This  advantage  is  reached  as  a  result  of 
the  fact  that  the  wing  cf  the  aircraft  of  normal  diagram 
allow /assumes  powerful/thick  mecuanizat ion/high-lift  device  (for 
example,  double-slotted  extension  flaps  and  deflected  leading 
edge/nose),  whereas  the  wing  of  "nobtailed  aircraft"  does  not 
allow /assume  mechanization/high-lift  device. 

Parameter  polcvKan,  the  characteristic  radius  of  turn  (here 

Cynoit  -  permissible  from  the  condition  of  stalling  or  buffeting  lift 

coefficient) ,  is  virtually  identical  with  respect  to  value  for  both 

diagrams.  The  characteristic  parameter  of  acceleration/dispersal  - 

p _ x 

g-force  n*~~Q —  ~  is  more  m  normal  diagram  due  to  smaller  wing 
area.  Calculations  show  that  tne  time  of  climb  with  simultaneous 
acceleration/dispersal  to  Mpac q  (H=15  km;  MpaCq=2,2)  aircraft  "bobtailed 
aircraft"  has  to  25o/o  more  than  the  aircraft  of  normal  diagram. 

Due  to  comparatively  small  load  on  the  m2  of  wing  the  aircraft 
"bobtailed  aircraft"  is  more  sensitive  to  the  vertical  gusts  of  air 
(it  is  more  g-force  nv  from  gusts,  than  in  the  aircraft  of  normal 
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diagram) ,  which  impedes  piloting,  tires  the  pilot  and  decreases  the 
resource/lifetime  of  construction/design  (especially  in  flight  at  low 
altitudes) . 

The  advantage  of  diagram  "bobtailed  aircraft”  -  somewhat  smaller 
takeoff  run  length  1  -  cannot  change  the  advantage  of  normal  diagram. 

FOOTNOTE  1 .  Upon  this  setting  of  the  task  where  V,*x-const.  ENDFCOTNOTE. 

One  should  emphasize  tnat  the  obtained  ccnclusion/derivations 
are  not  the  consequence  of  initial  data  accepted,  faster  they  reflect 
an  organic  def  iciency/lacx.  in  tne  "bobtailed  aircraft"  -  the 
unresolved  problem  of  tue  hign-lift  device  of  wing. 
Conclusion/derivations  are  sufficiently  common/general/total  for  the 
formulation  of  the  problem  accepted  of  the  comparison  of  the  aircraft 
of  different  diagrams  with  the  identical  degree  of  the  safety  of 
operation,  determined  tc  a  considerable  extent  by  approach  speed. 
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Table  6.1.  Comparison  of  two  diagrams  of  maneuverable  supersonic 
aircraft. 
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Key:  (1).  Parameters.  (2).  Diagram.  (3).  in  kg.  (4).  in  m2.  (5).  in 

kgf/m2.  (6).  km/h.  (7).  u.  (d>  .  Normal.  (9).  Eobtailed  aircraft. 

§  2.  Analysis  and  selection  of  tue  schematic  cf  subsonic  aircraft. 

For  the  lifetime  of  aviation,  is  known  numerous  attempts  to  use 
diagrams  "bobtailed  aircraft"  and  "weft"  for  subsonic  aircraft  [24]. 
However,  these  attempt,  as  a  rule,  concluded  with  the  experimental 
models  or  the  short  runs  of  aircraft. 

Page  109. 


The  normal  diagram  of  subsonic  aircraft  maintained  testing  by 
time  and  by  practice  it  is  now  classical. 
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The  basic  reasons  for  tne  failures  of  the  aircraft  of  diagrams 
'•bobtailed  aircraft"  and  "weft"  were  connected  with  insufficient 
stability  and  controllability ,  with  impossibility  or  limitedness  of 
the  high- lift  device  of  winy.  Flight,  safety  on  such  aircraft  was 
worse,  but  drag  and  weight  -  are  not  less  (due  to  an  increase  in  the 
wing  area) ,  than  in  the  aircraft  of  normal  diagram. 

Let  us  examine  following  of  the  variety  of  the  normal  diagrams; 

a)  the  diagrams,  created  by  wing  arrangement  on  the 
height/altitude  of  the  fuselage  isee  Fig.  6.  Ip,  q,  r) ; 

b)  diagram  with  the  application/use  of  a  twin-boom  fuselage 
instead  of  the  usual  sinyle-oeaui  (see  Fig.  6.  15) 

FOOTNOTE  1 .  The  diagrams  of  the  arrangement/pcsition  of  engines  on 
subsonic  aircraft  are  examined  in  9  4.  ENDFOOTNOTE. 

To  the  advantages  of  diagram  with  nigh  wing  arrangement  they  are 
related; 

-  decrease  of  aerodyuamic  arag  from  interference,  especially  for 
a  circular  fuselage  (Fig.  6.12),' 
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-  the  decrease  of  distance  from  fuselage  to  the  earth/ground, 
which  creates  the  row/series  of  operational  conveniences^ 

-  good  survey/coverage  of  the  earth/ground  from  passenger 
compartment^ 

-  a  reduction/descent  in  the  probability  of  breakdown  of  the 
engines,  arrange/located  on  winy,  as  a  result  of  the 
incidence/impingement  of  solid  particles  with  VPP  during  takeoff  and 
landing  (Fig.  6.13). 

For  decreasing  the  harmful  wing-root  interference  effect, 
usually  are  installed  the  fillets,  jfind  the  nevertheless  lift-drag 
ratio  of  high  wing  monoplane  with  circular  fuselage  to  4-5o/o  is  more 
than  in  low  wing  monoplane  (,  other  conditions  being  equal,).  In  the 
case  of  the  rectangular  cross  section  of  fuselage  and  on  midwing 
monoplane  fillets  it  is  possible  not  to  install. 

In  spite  of  the  aerodynamic  advantages  of  average/mean  wing 
arrangement,  this  diagram  rarely  is  applied  for  contemporary  subsonic 
aircraft  for  layout  reasons;  wing  usually  is  passed  to  the  zone  of 
pilot's,  passenger  or  cargo  compartment. 


0,02  0,0  k  0,06  0,08  0,10  Cx 


F/'$.  lo./F- 

Fig.  6.12.  Polars  of  aircraft  in  different  position  of  wing  on  the 
heigh t/altitude  of  fuselage. 

Key:  (1).  Fillet.  (2).  Without  fillet. 

Fig.  6.13.  Percentage  of  before  the  appointed  time  removed  engines 
(TRD)  depending  on  their  distance  to  VPP. 

Page  110. 

On  military  transport  and  cargo  aircraft  high  wing  arrangement 
is  most  acceptable  from  an  operational  point  of  view,  it  gives  the 
possibility  to  substantially  decrease  the  distance  from  the  sex/floor 
of  cargo  compartment  tc  the  earth/ground  and  to  facilitate  loading 
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and  unloading. 

The  diagram  of  winy  arrangement  on  the  height/altitude  of 
fuselage  affects,  as  can  be  seen  from  Pig.  6. 13,  to  the 
resource/lifetime  of  engines,  if  tney  are  arrange/located  on  wing. 
This  effect  can  be  approximately  estimated  according  to  the  formula 


where  -  average/mean  resource/lif etirae  of  the  engines, 
establish/installed  on  aircraft,  in  hours, 

Tab.ctciih'  —  average/mean  rasource/lifetime,  establish/installed  on 
stand,  in  hours, 

tT  -  is  taken  from  curve/graph  (Piy.  6.13)  in  terms  of  the 
average/mean  value  of  height/altitude  Hw  for  all  engines, 
establish/installed  on  aircraft,  in  percentages. 

Calculations  according  tc  formula  (6.4)  show  that  the  service  life  cf 
engines  on  high-wing  monoplane  can  be  to  10-1 5o/o  more  than  on  low 
wing  monoplane.  Therefore  the  prime  cost  of  transportation,  which 
depends  on  rn„  (see  Chapter  i) ,  on  high-wing  monoplane  descends. 
However,  in  absolute  value  the  cost-effectiveness/efficiency  of  the 
operation  of  high-wing  monoplane  in  the  majority  of  the  cases  is 
obtained  somewhat  worse  tnan  low  wing  monoplane,  due  to  weight 
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losses.  These  losses  are  explained  by  the  following  reasons: 


-  on  high-wing  monoplane  is  necessary  to  specially  amplify  the 
lower  part  of  the  fuselage  in  the  case  of  crash  landing  without 
chassis/landing  gear; 


-  increases  the  weight  of  the  load-bearing  elements 
(f  orraer/f  rames)  of  fuselage,  receiving  loads  from  wing  and 
chassis/landing  gear  (if  basic  landing  gear  struts  are  connected  to 
fuselage) ; 


-  by  30-50o/o  increases  regurred  fin-and-rudder  area  in  || 

-k 

connection  with  a  deterioration  in  the  lateral  stability  of  high-wing  7^ 
monoplane  at  high  angles  of  attacx,  when  tail  assembly  falls  into  j 

'M 

wake  from  wing  (Fig.  6.14).  ij 


In  sun  the  weight  of  the  structure  of  high-wing 
monoplane-aircraft  increases  by  2, 5-3o/o  of  takeoff  weight,  if  all 
landing  gear  struts  are  fastened  to  fuselage,  and  tc  0.7-1.0o/o,  if 
basic  struts  are  fastened  to  winy. 


When  in  the  case  of  emergency  alighting  it  is  required  tc  ensure 
the  buoyancy  (which  the  high-wing  monoplane  in  contrast  to  low  wing 
monoplane  does  not  possess) ,  then  is  necessary  to  install  special 
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pneumatic  floats  which  also  increase  the  weight  of  high-wing 
monoplane. 

During  the  final  solution  of  a  question  of  wing  arrangement 
concerning  the  height/altitude  of  fuselage,  it  is  necessary  to 
consider,  thus,  the  rov/senes  cf  the  contradictory  factors:  high 
wing  monoplane  has  the  nest  aerodynamic  and  operating 
characteristics,  but  it  is  inferior  to  low  wing  monoplane  by  the 
structural  weight.  Therefore  it  is  necessary  to  make  the  detailed 
calculation  of  weight  ana  cost-eff ectiveness/ef f iciency  of  aircraft 
of  both  diagrams.  But  if  speecn  occurs  about  the  design  of  military 
transport  or  cargo  aircraft,  then  for  layout  and  operational  reasons 
should  be  given  preference  to  high  wing  arrangement. 
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Fig.  6.14.  The  relative  £iu-and-rudder  area  of  high-wing  monoplane 
and  aircraft-low  wing  monoplane:  o  -  aircraft-low  wing  monoplanes; 

a  -  high-wing  monoplanes;  °  -  military  transport  high-wing 
monoplanes. 


Page  111. 

During  the  design  of  multipurpose  (for  national  economy)  and 
cargo  aircraft,  appears  the  need  for  estimating  advantages  and 
deficiency/lacks  in  the  twin-boon  design  of  fuselage  (with  nacelle) 
instead  of  the  usual  fuselaye  (Fig.  6.15). 


The  advantage  of  twin-boom  design  is  convenience  in  load  and 
unloading  of  nacelle.  However,  the  realization  of  such,  is  at  first 
glance,  tempting  diagraa  it  is  striked  into  the  row/series  of  the 
difficulties,  connected  with  a  deterioration  in  aerodynamics  and  a 
gain  in  weight  of  construction/design . 
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Calculations  show  that  the  aerodynamic  drag  of  aircraft  with 
twin-boom  fuselage  to  1Q-15o/o  is  more  than  usual  due  to  the  larger 
washed  surface  and  the  oblique  airflow  of  beams  by  flow  from 
screw/propellers  (on  aircraft  with  PD  and  TVD) .  If  we  decrease  the 
washed  surface  of  beams,  after  reducing  the  size/dimensions  of  their 
cross  section,  then  appears  the  problem  of  the  rigidity  of  the 
attachment  of  horizontal  tail  assembly  and  weight  of  beams 
themselves. 

From  the  condition  of  equal  sagging/deflection  at  the  end  of  the 
usual  and  twin-boom  fuselage  (i.e.  with  equal  flexural  rigidity)  it 
is  possible  to  obtain  in  the  first  approximation,  the  following 
relationship/ratio: 

On  — Oi*A?/A?i, 

where  Gi  -  weight  of  the  tail  section  (to  wing  spar)  of  usual 
fuselage; 

On-  weight  of  beams; 

Ai  -  height/altitude  cf  the  cross  section  of  usual  fuselage  in 
bearing  edge  (in  wing  spar) ; 

J?u  -  height/altitude  of  structural  section  in  bearing  edge  of  its  on 
wing. 

r’oving  to  the  weight  the  entire  ru^eln<-*e  vre  have: 
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(G „.)„=(01.),  |\+G, 


Here  (C?+)i  -  weight  of  usual  fuselage; 


(6.5) 


(O^.)n  -  weight  of  girder  fuselage  (together  with  nacelle)  ; 


Gi  -  ratio  of  the  weight  of  xhe  tail  section  of  the  usual  fuselage 


toward  its  gross  weight  Cn^G,i(G,ub 
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Fig.  6.15.  Usual  (a)  and  turn-doom  (b)  airplane  designs  with  TVD. 

Page  112. 

In  aircraft  in  weight  to  6-d  t  Gj=0f25— OX  If,  for  example, 

/ii/// u  =  l,5,  then  the  weignt  of  twin-boom  fuselage,  as  it  follows  from 
formula  (6.5) ,  there  will  be  to  31-37o/o  greater  than  usual  fuselage 
(with  equal  flexural  rigidity). 

Besides  a  gain  in  weight  and  aerodynamic  drag,  the  aircraft  with 
twin- boom  fuselage  has  ether  defrciency/lacks: 

-  cost/value  of  fuselage  rs  more  (tc  10-15o/o)  due  to  special 
equipment  for  manufacture  and  assembly  of  beams; 
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-  beam  occupy  the  part  of  the  spread/scope  of  the  high-lift 
device  of  wing;  therefore  wing  area  is  necessary  to  increase  by 
5-7o/o  for  achievement  of  identical  takeoff  and  landing 
characteristics  with  usual  aircraft; 

-  weight  of  control  line  yrow/rises  by  20-25o/o. 

As  a  result  it  is  possible  to  draw  a  ccnclusion  about  the 
inexpediency  of  the  appiication/use  of  a  twin-boom  fuselage,  on  the 
basis  of  weight  and  aerodynamic  characteristics. 

§  3.  Airplane  desig.  -  -h  the  wing  of  the  variable  in  flight 
sweepback. 

The  variable  in  fliyiit  sweepoack  of  wing  is  a  special  case  of 
the  alternating/variable  geometry  of  aircraft.  Idea  this  is  not  new. 
Even  at  the  glow  of  aviation  French  designer  Clement  Ader  constructed 
the  model  airplane  (1904),  in  which  changed  the  sweepback  of  wing  and 
horizontal  tail  assembly  "for  the  regulation  of  speed". 

Aircraft  mono-  biplane  (see  Fig.  6.1h)  was  constructed  in  us 
into  1940  (designers  V.  V.  Nlikitini  V.  V.  Shevchenko).  In  1931  near 
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Paris,  tested  the  aircraft  or  the  construction/design  of  Makhonin 
with  the  variable  wing  area  by  means  of  the  advancement  of  arts.  The 
wingspan  varied  from  13  to  21.1  a,  wing  area  increased  from  21  to 
33  m2.  The  weight  of  the  aechanization/high-lift  device,  connected 
with  the  telescopic  separation  of  this  wing,  was  850  kg  (17o/o  of 
design  take-off  weight)  . 

Already  in  forties  xix  many  countries  started  work  according  to 
the  creation  of  aircraft  with  the  wing  of  variable  in  flight 
sweepback. 

At  present  this  idea  oecame  the  same  customary  as  the  idea  of 
retractable  landing  gear  or  extension  flaps. 

How  do  v;e  explain,  however,  that  throughout  the  entire  history 
of  the  develonnent  or  aviation  attennts  have  been  nade  to  create 
an  aircraft  .^e  one  try  which  is  changeable  in  r13^ht?  '’’he  cause 

this  phenonenor.  lies  in  the  contradiction  between  the  unchangeable 
nature  op  the  fern  the  air>cv,af,t  and  the  chanr*5 n^  ■‘‘li  ~ht 
conditions  with  resnect  to  sneed  and  altitude. 


-  - a*.  V'  rrrwniiiw'^riailniAl'in  a 
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Fig.  6.16,  Dependence  c„a„  uith  landing  approach  on  the  sweepback  of 
wing  on  leading  edge  (mechanization/high-lift  device:  Two-slot  flaps 
and  slats ;  a= 12°) . 

Fig.  6.17.  Character  change  eay  of  aircraft  in  dependence  on 
sweepback  wing  {M<  1)  . 


Page  113. 

Diagram  of  aircraft  with  the  fixed/recorded  geometry  is  designed  for 
the  narrow  flight  envelope,  and  output/yield  from  this  range  makes 
aircraft  far  not  optimum.  The  tendency  to  adapt  the  geometry  of 
aircraft  toward  the  changing  flight  conditions  led  to  the  creation  cf 
the  diagrams  of  the  variable  geometry  (the  "managed  diagrams"). 

The  rapid  development  of  tnis  idea  is  recently  explained  by  the 
practical  requirements  for  aircraft  with  the  very  large  flight 
envelope  (multimode  aircraft). 

Aircraft  with  the  wing  of  the  variable  in  flight  sweepback  has 
following  of  advantage. 
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1.  On  supersonic  aircraft  it  is  possible  to  considerably  improve 
takeoff  and  landing  characteristics  due  to  increase  in  elongation  and 

cy,  and  also  effect  of  high-lift  device  of  wing  at  minimum  sweep 
angle  (Fig.  6.16).  So,  when  Xn.x*200.  X=6-7,  utilized  coefficients  c„ 
2-2.5  times  more  than  on  aircraft  with  Xn.K=60°,  X=2.3.  Increase  cv 
gives  the  possibility  to  decrease  Votp  and  Vnoc  by  40-6  Oo/o  and  f-pass  and 
Lavp6  -  2-2.5  times. 

2.  More  average/mean  during  flight  lift-drag  ratio  substantially 
grow/rises  in  connection  with  increase  Km»x  in  subsonic 
conditions/modes 

'  (6.6) 
o 

If,  for  example,  on  long-range  aircraft  with 

Xn.K=var,  Km<\  =15,  Km>j_=8,  Lm<i/L=*Q,2,  Lm>\IL=0,8,  then  according  to  formula 
(6.6)  ^cd=9,4. 

On  aircraft  with  the  fixed/recorded  low-aspect-ratio  wing  when 
Km<i  =10,  Km>i  =8  we  have  under  the  same  conditions  Kcp=8,4,  i.e. 
per  unit  it  is  less. 

Increase  KCp  (when  Xn.K-30— 35°)  gives  the  possibility  either  to 
increase  flying  range  with  G0=coast  or  to  decrease  the  takeoff  weight 
with  L=const  due  to  a  reduction/descent  in  the  fuel  load. 
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3.  G-force  from  vertical  gusts  of  air  with  M=0.9-1.2  (near 

earth/ground)  can  be  lowered  on  Anw==  1,0 — i,5  because  of  decrease  cj 

with  increase  in  sweepbacK  of  winy  (with  45-50°  on  aircraft  with 

Xn.„= const  to  70-75°  and  more  on  aircraft  with  Xn.K=var,  Fig.  6.17). 

Let  us  recall  that  A«t=&cJpV'W'i, where  €=const,  Wv  -  the 
speed  of  gust. 

The  decrease  of  g-force  from  gusts,  as  noted  above,  favorably 
affects  the  accuracy/precision  of  piloting,  is  decreased  pilot's 
enervation  and  it  contributes  to  an  increase  in  the  resource/lifetime 
of  construction/design. 

4.  With  increase  in  sweepbacK  of  wing  to  75-90°,  decreases  its 
effective  thickness  ratio  along  flow,  which  leads  to  certain 
reduction/descent  in  coefficient  cx0,  ■  to  decrease  of  booster  duration 
of  aircraft  and  weight  of  corresponding  fuel/propellant. 

All  enumerated  advantages  of  aircraft  with  variable  sweep  wing 
it  is  possible  to  obtain  only  at  a  cost  of  gains  in  weight  of  the 
construction/design:  due  to  hinge  joint,  rotary  part  of  the  wing 
(less  favorable  to  structure  diagram  in  area  of  hinge  joint) ,  due  to 
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drives  and  high-lift  device  ox  wing.  In  sum  these  weight  expenditures 
compose  3.5-4.5o/o  of  takeoff  weigat. 

When  selecting  of  airplane  design  with  variable  sweep  wing,  is 
of  interest  such  diagram  when  wing  in  the  position  of  the  greatest 
sweepback  with  the  aid  of  special  flaps  completely  "pours"  with 
horizontal  tail  assembly,  creating  with  it  single  steady 
airfoil/profile.  Aircraft  becomes  "bobtailed  aircraft".  In  this 
diagram  it  is  possible  to  increase  the  true  altitude  of 
airfoil/profile  due  to  the  summation  of  the  wing  chords  and  tail 
assembly  (c=const)  . 

Page  114. 

As  a  result  descends  the  structural  weight,  especially  hinge  joint, 
increases  the  volume  of  wing  for  the  arrangement/position  of 
fuel/propellant,  is  simplified  the  resolution  of  the  problem  of  the 
guarantee  of  the  required  rigidity. 


m 



In  conclusion  let  us  give  as  an  example  the  results  of  the 
calculations  of  the  supersonic  passenger  aircraft  of  four  diagrams 
(Table  6.2),  including  diagrams  with  the  variable  sweepback  of  wing. 

From  Table  6.2  it  is  evident  that  the  takeoff  weight  of  aircraft 
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with  xn.i<=var  is  somewhat  more  than  in  the  aircraft  of  normal 
diagram.  Basic  reason  for  this  -  gain  in  weight  of  the  construction 
of  the  aircraft  with  variable  sweep  wing. 


star-  -~'jf 

l&r  y 



During  the  comparison  of  diagrams,  it  was  assumed  that  the 
approach  speed  must  be  not  more  than  275  km/h.  In  aircraft  from 


X«.i<  ~  var  Vjjax  =  255 


km/h,  since  wing  area  more  was  selected  it  not 


from  the  condition  of  approach  speed,  but  from  the  condition  of  the 
arrangement/position  of  the  necessary  fuel  reserve. 
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Table  6.2.  Comparison  of  four  diagrams  of  supersonic  passenger 
aircraft  Apac.,  ==  6600  km;  MpacM  =  2,7;  tfKOM  =  22  fSj  ABn„  =  3250  m 


I  I  I  I  Xiian/i  74 

Key:  (1).  Diagram.  (2).  Parameters.  (3).  in  t.  (4).  v.  (5).  in  m2. 
(6).  in  kgf/ra2.  (7).  in  km/h.  (8).  in  deg. 

§  4.  Arrangement  of  engines  on  aircraft. 

On  aircraft  of  one  and  the  same  designation/purpose,  are  applied 
different  diagrams  of  the  layout  of  engines  (Fig.  6.18).  This  bears 
out  the  fact  that  each  of  tne  diagrams  has  advantages,  and 
deficiency/lacks  1 . 

FOOTNOTE  *.  The  diagram,  which  has  only  deficiency/lacks,  is  not 
competitive.  ENDFOOTNOTE. 
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Let  us  examine  the  advantages  and  the  deficiency/lacks  in  the 
arrangement  on  the  aircraft  of  the  most  widely  used  turbojet  engines. 

During  the  design  of  maneuverable  supersonic  aircraft,  compete 
two  diagrams:  the  combined  (single.  Fig.  6.18a,  b)  and  separate  power 
plant  (Fig.  6.18c,  d) . 

The  advantages  of  the  combined  with  fuselage  power  plant  in 
comparison  with  separate  following: 

-  is  less  aerodynamic  resistance  (in  comparison  with  diagram  d)^ 

-  of  minimum  run  up/turning  torgue/moment  in  the  case  of  failure 
one  of  the  engines  (diagram  b)  ; 

-  increases  the  aspect  ratio  of  the  high-lift  device  of  wing, 

-  is  improved  the  possibility  of  the  suspension  of  load  under 
wing  (in  comparison  with  diagram  a). 

Page  115. 

Deficiency/lacks  in  tne  combined  power  plant: 
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-  is  more  extent  and  weight  of  air  intakes  (due  to  bending  of 
channels)  \ 

-  it  is  more  than  the  loss  of  velocity  headj 

-  the  complexity  of  installation  and  disassembly  of  engine  and 
its  aggregate/unitSj 

-  increases  the  probability  of  multiple  failure  of  two 
established/installed  rows  of  engines^ 

-  the  difficulty  of  the  arrangement/positicn  of  a  relatively 
larger  quantity  of  fuel/ propellant. 

Version  c  of  the  arrangement/posit ion  of  engines  differ 
significantly  from  versions  o  and  dr  representing  extreme  two  given 
solutions. 

Diagram  c  combines  in  itself  the  advantages  of  antipodes  b  and 
d: 

-  a  comparatively  short,  simple  and  light  air  intake,’ 


-  small  base  drag^ 
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-  separate  engines. 


-  the  favorable  possibilities  of  the  suspension  of  load  under 


wing. 


-  large  volume  in  middle  aircraft  component  for  the 
arrangement/position  of  fuel/propellant. 


During  the  design  of  multimode  aircraft  with  the  wing  of 
alternating/variable  sweepoacK,  diagram  d  virtually  is  eliminated  due 
to  difficulty  to  preserve  the  position  of  the  axle/axis  of  engines  in 
the  process  of  the  turn  of  wing. 
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Pig.  6.18.  Standard  diagrams  of  the  layout  of  the  engines:  a-d) 
maneuverable  supersonic  aircraft;  e-g)  the  nonaaneuverable  superson 
aircraft  of  large  distance;  n-1)  subsonic  transport  aircraft. 

Page  116. 

On  nonmaneuverable  supersonic  long-range  aircraft/  occur  the 
same  problems  of  selection  -  single  or  separate  power  plant  (Fig. 
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6. 18e,  f,  g) . 

Diagrams  e  and  f  are  approximately  equivalent.  On  aerodynamics 
is  somewhat  better  diagram  e,  out  it  loses  by  weight  due  to  long  air 
intakes  (for  an  improvement  in  tne  entry  conditions,  in  particular 
for  decreasing  the  boundary  layer  thickness,  air  intake  it  is 
necessary  to  lengthen) .  Diagram  e  differ  significantly  from  f  in  the 
relation  to  the  noise,  created  by  engines  on  the  earth/ground  with 
takeoff  (mutual  screening  of  jets) ,  and  also  in  the  relation  to 
safety  in  the  case  of  the  failure  of  engine  (lesser  turning  moment) . 
However,  in  diagram  f,  is  better  discharging  wing  from  the  weight  of 
the  power  plant  (is  somewhat  easier  wing).  Is  important  the  fact  that 
the  sprays  and  solid  particles  with  VPP  f.  che  wheels  of  leading 
gear  can  not  reach  air  intakes  in  diagram  f  (angle  of  spray  from  the 
axle/axis  of  aircraft  is  taken  as  as  the  egual  to  15°). 

Diagram  g  has  following  of  the  advantage: 

-  short  and  light  air  intakes, 

-  failure  of  one  of  the  engines  does  not  affect  the  operation  of 
the  adjacent  engine  (since  engines  are  not  connected  with  single  air 
intake  as  in  diagrams  e  and  f)  \ 
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-  are  simpler  maintenance  and  replaceraen*  ■'€  engines. 


Deficiency/lack  in  diagram  g  -  smaller  increase  in  the  lift 
"from  the  compression",  created  on  the  lower  wing  surface  by  shock 
wave  from  air  intakes  (positive  interference) .  In  diagrams  e  and  f, 
the  effect  of  an  increase  in  the  lift  "from  compression"  (+Acv) 
composes  ~20o/o  while  in  diagram  g  approximately  half  (it  is 
proportional  to  wing  area,  which  rs  located  under  the  action  of  shock 
waves).  To  at  the  same  time  arrange  engines  in  diagram  g  nearer  to 
leading  wing  edge  (for  an  increase  in  the  fields  cf  compression  under 
wing)  is  not  impossible  due  to  tne  adverse  effect  of  jet  on  wing 
construction  (thermal  and  sonic  effect  of  jet  causes  the  decrease  of 
the  service  life  of  construction/design) . 


Approximate  solution  of  the  task  of  the  optimum  selection  of  the 
diagram  of  the  arrangement/position  of  engines  taking  into  account 
different  contradictory  factors  can  be  obtained  by  the  method  of  the 
gradients  of  takeoff  weignt,  presented  in  chapter  V. 


A  final  sitting  of  engines  can  be  made  only  after  the  careful 
and  detailed  studying  cf  tne  diverse  variants  taking  into  account  the 
model  tests,  in  which  is  imitated  the  engine  operation.  The  typical 
patterns  of  the  arrangement  of  engines  on  subsonic  aircraft  are  shown 
in  Fig.  18.6  h-1. 
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The  arrangement/positioa  of  engines  in  root  of  the  wing  (diagram 
h)  widely  was  applied  on  heavy  subsonic  jets  cf  military  and 
civil/civilian  designation/purpose  (aircraft  cf  Tu-16,  Tu-104, 

Tu-124,  etc.;  English  aircraft  "Volcano”,  "Victor",  "hornet",  etc.). 
This  diagram  of  installation  ox  engines  together  with  the  positive 
qualities  (failure  of  one  or  two  engines  on  the  one  hand  does  not 
cause  the  sharp  turning  and  heeling  moments,  the  high  arrangement  of 
air  intakes,  small  external  aerodynamic  resistance)  has  a  number  of 
essential  deficiency/lacks  (especially  for  passenger  aircraft).  They 
include; 

a)  the  proximity  ox  exhaust  jet  to  fuselage  covering,  strong 
noise  in  passenger  compartment^ 

b)  long  air  intakes  by  5-6o/o  decrease  the  engine  thrust^, 

c)  the  fire,  which  arose  on  engines,  can  be  extended  to 
passenger  compartment  and  fuel  tanks  (is  required  the  intensive 
fire-fighting  protection) ^ 


Page  117 
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d)  in  the  case  of  destroying  compressor  blades  or  turbine  there 
is  possible  the  damage/defeat  of  passenger  compartment  and  fuel  tanks 
(special  armoring  is  reguired)  j 

e)  the  presence  of  air  intakes  on  the  leading  wing  edge  and 
exhaust  ducts  on  trailing  edge  decreases  the  possibilities  of  the 
high- lift  device  of  wing 4 

f)  hinders  the  creation  of  reversing  gears  of  thrust; 

g)  hinders  approach  to  engines; 

h)  substantially  decreases  the  volume  of  wing  for  the 
arrangement/position  of  fuel/propellant. 

The  enumerated  deficiency/lacxs  led  to  the  fact  that  the  engine 
installation  in  root  of  the  wing  now  is  not  applied. 

The  arrangement/pcsition  of  engines  on  pylcns  under  wing 
(diagram  I)  is  widely  ccamou  on  subsonic  aircraft.  This  diagram  of 
installation  of  engines  has  following  of  the  advantage: 

-  engines  unload  wing  construction  in  flight,  decreasing  bending 
to  turning  the  torgue/mcmen ts  from  external  leads,  which  leads  to  the 
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reduction  of  the  weight  of  winy  to  10-15o/oj 

-  engines  damp  the  osciliation/vibrations  of  wing  in  flight  in 
the  turbulent  atmosphere^ 

-  engines  are  anti-flutter  aalancers,' 

-  convenience  in  the  replacement  of  one  type  of  engine  by  others 
(with  large  size/dimensions) j 

-  light  access  to  engine  during  maintenance. 

The  arrangement/position  of  engines  on  pylons  has  the 
def iciency/lacks: 

-  in  the  failure  or  engine,  especially  external,  is  created  the 
large  run  up/turning  horizontal  moment^ 

-  so  that  during  the  landing  with  bank  (to  4°)  outboard  engines 
clear  the  earth/ground,  is  required  the  creation  of  the  transverse 
angle  of  V  wing  (2-3°) ,  which  makes  the  stability  characteristics 
worse  and  aircraft  handling  with  the  sweptback  wing^ 

-  during  the  low  arrangement  of  engines  relative  to  the  surface 
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of  airfield  is  possible  the  incidence/impingement  into  the  air 
intakes  of  sand,  dust  and  siuall/fine  stones,  which  will  fuse  to  the 
resource/lifetime  of  the  engines  [see  formula  (6.4)  ].  For  elimination 
this  necessary  to  apply  special  measures,  for  example,  the  cutoff  of 
the  vertical  airflow,  which  heave  from  the  earth/ground  to  air 

intakes,  by  air  jet,  take/selected  from  the  compressor  of  engine, 

> 

which  is  connected  with  gain  in  weight  and  decrease  of  the  engine 
thrust^ 

-  pylon  engine  mount  impedes  the  use  of  flaps  on  entire 
wingspan,  since  with  takeoff  exhaust  jets  of  engines  can  break  them 
(-AcVoTp  =0,08-0,12). 

The  arrangeaent/posxtion  of  engines  on  aft  fuselage  section  was 
for  the  first  time  used  by  firm  sud-Aviation  (France)  on  the  aircraft 
of  ',CaravelleM.  This  diagram  of  installation  of  engines  (diagrams  j 
and  k)  received  wide  acceptance  on  Soviet  and  foreign  passenger 
aircraft  (11-62  VC-10,  Xax-40,  lu-154,  etc.). 

The  arrangement/position  of  engines  on  aft  fuselage  section  is 
allowed: 

-  to  ensure  aerodynaaically  pure/clean  wing,  which  increases 
aerodynamic  aircraft  guality/fineness  ratio  by  6-9o/o^ 
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-  to  maximally  utilize  wingspan  for  the  arrangement/position  of 
the  means  of  mechanization/high-lift  device  (flaps,  slats,  etc.), 
which  improves  takeoff  and  landing  characteristics  of  aircraft. 


-  to  determine  of  dihedral  wing  from  the  conditions  of 
guaranteeing  the  optimum  characteristics  of  transverse  and 
directional  stability  and  controllability^ 


-  to  decrease  of  run  up/turning  torgue/mcmen t  with  cessation  one  p 
of  the  engines.  J§ 


Page  118. 


Besides  in  addition  to  this,  diagrams  j  and  k  are  allowed: 


-  to  improve  passengers*  comfort  due  to  the  decrease  of  noise, 
since  engine  nacelles  are  installed  behind  pressurized  cabin( 


-  to  raise  fire  safety,  since  engines  are  distant  from  passenger 
compartment  and  from  the  fuel  tanks  (flam*  from  the  ignited  in  flight 
engine  departs  back/ago,  clearing  any  load-bearing  structural 
elements  of  aircraft) ^ 
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-  to  raise  (in  comparison  with  the  engine  installation  radically 

e 

of  wing)  operating  characteristics  of  power  plant  and  entire  aircraft 
as  a  whole  due  to  sufficiently  good  conditions  for  an  approach  to 
engines^ 

-  to  protect  engines  from  the  incidence/impingement  in  them  of 
foreign  objects  because  of  tae  high  arrangement  of  air  intakes  from 
the  earth/ground  (increases  the  xesource/lif etirae  of  engines)^ 

-  to  create  the  best  conditions  for  the  crash  landing  of 
aircraft. 

However,  the  diagram  ox  installation  of  engines  on  aft  fuselage 
section  has  the  essential  def iciancy/ lacks,  connected  with  a  gain  in 
weight  of  the  construction  of  the  aircraft  as  a  result  of: 

a)  strengthening  the  construction/design  of  aft  fuselage  section 
due  to  supplementary  mass  and  inertia  loads  of  the  engines  (weight  of 
fuselage  construction  increases  approximately  by  10-15o/o)^ 

b)  gain  in  weight  cf  wing  (approximately  to  10-1 5o/o)  due  tr  the 
absence  of  unloading  of  wing  cy  enginesj 
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c)  increase  in  the  length  of  fuselage  due  to  the  need  for  the 
attachment  of  engines. 

Furthermore#  in  this  diagram  the  center  cf  gravity  of  the  empty 
and  loaded  aircraft  substantially  do  not  coincide,  in  conseguence  of 
which  appear  the  difficulties  of  the  layout  (is  required  either  the 
fourth  support  with  parking  or  large  and  heavy  horizontal  tail 
assembly  for  a  breakaway  with  takeoff) ,  appears  also  the  need  for 
laying  fuel  lines  from  tanks  to  enyines  near  passenger  compartment, 
which  causes  the  danger  of  the  incidence/impingement  of  vapors  of 
kerosene  into  cabin/compartoent  and  increases  the  weight  of 
conduit/manifolds. 

It  should  be  noted  that  with  the  bypass  ratio  of  engines  it  is 
more  than  3.5-4. 0,  when  substantially  grow/rises  the  diameter  cf  fan, 
installation  of  four  enyines  by  diagram  j  becomes  extremely 
difficult.  In  this  case  it  is  better  to  apply  either  diagram  k  or 
compound  configuration  1.  Last/iatter  diagram  combines  .in  itself  the 
advantages  of  the  underwing  and  feed  engine  installation.  A 
deficiency/lack  in  two  last/iatter  diagrams  is  the  difficulty  of  the 
modification  of  the  power  plant;  for  an  engine  with  large  diameter, 
is  required  the  alteration  of  aft  fuselage  section  together  with  air 


DOC  =  79052105 


PAGE 


intake. 

Table  6.3  gives  an  example  of  comparison  by  takeoff  weight  and 
according  to  cost-ef fectiveness/ef riciency  of  the  operation  of 
hypothetical  aircraft  in  300  passenger  places  with  three  versions  of 
the  arrangement  of  engines.  Practical  flying  range  with  the  greatest 
payload  was  assumed  to  be  the  egual  to  3000  km.  Comparison  was 
conducted  with  (H,'V,  LBnn,  VMX)=  const. 

From  Table  6.3  it  is  evident  that  by  takeoff  weight  and 
according  to  cost-ef fectiveuess/ef f iciency  cf  transportation  the 
aircraft  with  the  engines,  acrange/located  by  diagram  1,  has 
advantage  in  comparison  witn  diagrams  I  and  k.  Advantage  is  obtained, 
in  essence,  due  to  smaller  over-ail  paylcad  ratio  of  power  plant  1  in 
comparison  with  diagram  1  and  of  the  smaller  structural  weight  in 
comparison  with  diagram  k  *. 

FOOTNOTE  *.  Thr ust-weight  ratio  is  less  of  the  condition  of  failure 
of  one  engine;  therefore  is  less  the  weight  of  power  plant. 

In  diagram  1,  wing  is  unloaded  by  weight  of  engines,  but  fuselage 
experience/tests  smaller  loads  from  one  engine.  ENDFOOTNOTE. 

In  conclusion  one  should  empnasize  that  the  selection  of 
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"fable  6.3.  Comparison  of  three  diagrams  of  the  layout  of  engines 
ipacM  =  3COO  km;  V  «  950  km/h;  t„nn  =  2600  V'aax  =*  2<W  k  */h  . 
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Key:  (1) .  Diagrams. 

(2) .  Parameters. 

(3) 

kopecks/ton-kilometer. 
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Page  119. 


Chapter  VII. 


BASIC  QUESTIONS  OF  THE  DESIGN  OF  THE  POWER  PLANT  OF  AIRCRAFT. 


.  5 

fen ' 


Into  the  power  plant  of  aircraft,  enter: 


1)  engines  with  aggregate/units  and  systems,' 


2)  air  intakes^ 


3).  fuel  system  1 , 


FOOTNOTE  *.  Detailed  list  of  tne  systems,  entering  the  power  plant  of 
aircraft,  is  shown  in  appendix  I.  ENDFOOTNOTE. 


Theory  and  design  of  the  systems  of  power  plant  (engines,  air 
intakes,  nozzles,  fuel  systems,  etc.)  in  detail  are  illuminated  in 
specialized  literature.  In  this  chapter  are  examined  in  essence 
questions  of  the  design  of  the  power  plant,  directly  connected  with 
the  common/general/total  design  of  aircraft. 


I 
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§  1.  Selection  of  engine  for  the  power  plant  of  aircraft. 

For  the  power  plant  of  contemporary  aircraft,  are  applied  jet 
engines  (VRD) ,  piston  engines  (PD)  and  liguid-rocket  engines  (ZhRD 

iguid  propellant  rocket  engine]) .  Jet  engines  in  turn,  are 
divided  into  gas-turbine  (GTD  £gas-turbine  engine])  and 

ramjet/direct-flow  (PVBD  *  {'ramjet  engine]). 

Widest  use  in  aviation  at  present  have  GId.  This  class  of 
aircraft  engines  includes: 

-  turbojet  engines  (IRD)  { 

-  turbojet  engines  with  afterburner  (TRDF  {turbojet 

engine  with  afterburner  ])  $ 

-  turbofan  engines  (TrDD  r  {turbofan  engine]),  these 

engines  are  called  also  turbofan  (TVRD) J 

-  turboprop  engines  (TVD) . 
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Piston  engines  are  now  placed  only  on  very  light  aircraft. 

The  fluid-reactive  engines  are  applied  in  aviation  exclusively 
on  experimental  aircraft. 

The  selection  of  engine  tor  power  plant  is  conducted  in  the 
period  of  the  sketch  design  of  aircraft. 

Page  120. 

To  estimate  suitability  of  one  or  the  other  type  of  engine  for  the 
design/projected  aircraft  is  possible,  examining  a  change  of  the 
fundamental  engine  characteristics  in  the  assigned/prescribed  speed 
range  and  flight  altitudes. 

Characteristics  of  aircraft  engines. 

Fundamental  characteristics,  on  which  is  realize/accomplished 
comparative  evaluation  when  selecting  of  engine,  are:  the 
altitude-speed  characteristics  p=f(«,  H)  and  cp=/(M, //),  the  flow  rate 
per  second  of  air  6'u',  weight  per  norsepower  yAB  and  overall 
dimensions  (length  and  maximua/ovecall  diameter)  of  engine  *. 

FOOTNOTE  *.  The  characteristics  of  aircraft  engines,  necessary  for 
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accomplishing  the  diploma  project,  are  given  in  appendix  III. 
ENDFOOTNOTE. 

First  TRD  (with  centrifugal  compressor)  had  boost  for  launching 
(with  V=0  and  H=0)  less  than  2700  kg  and  the  sufficiently  large 
specific  fuel  consumpticn.  At  present  aircraft  engines  are  capable  of 
developing  boost  for  launching  to  30(000  kg  (GE  4/05).  One  ought  not, 
of  course,  to  assume  that  TED  with  small  thrust  gradually  died  off. 
Contemporary  aircraft  engines  depending  on  designation/purpose  can 
have  very  small  thrust,  for  example  TRDD  AI-25,  established/installed 
on  aircraft  Yak-40,  it  develops  tnrust  1500  kg,  and  thrust  TRD 
Bristol  Siddeley  BS-347  is  equal  only  63.6  kg  (weight  of  engine  13.6 
kg)  . 

Contemporary  GTD  depending  on  designation/purpose  can  have  the 
boost  for  launching,  equal  to  /,omax=»50  to  kg  -  smallest  full 
thrust;  p0 max  »  30  000  -  kg  -  yreatest  full  thrust. 

Simultaneously  with  an  increase  in  the  boost  for  launching 
decreased  the  starting  specific  consumption  of  fuel  GTD.  To  1946 
majority  TRD  with  single-stage  centrifugal  compressor  had  a 
compression  ratio,  equal  to  approximately  four,  and  therefore  the 
specific  consumption  of  fuel  of  these  TRD  (in  nonafterburning 
conditions/raode)  exceeded  1.3  kg/ky*h) . 
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Contemporary  GTD  have  the  starting  specific  fuel  consumption, 

which  is  changed  in  the  range 

cp=0,5— 0,7  Krc/Krc-v  —  He$opca>KHbiH  peacHM^ 

Cp  =  1,7 — 2,0  Krc/nrc  •  m  —  4>opcaauibiu  peaciiM:  £ 

by  Key:  (1).  kg/kg*h  -  nonafterburning  conditions/mcde.  (2).  kg/kg*h 
-  afterburner  conditions/mode. 


J 


It  is  possible  to  assume  that  as  a  result  of  further  perfections 
TRDD  will  be  reached  the  specific  fuel  consumption  of  less  than  0.5 
kg/kg «h,  and  on  TRDD  with  large  bypass  ratio  (m=5-B)  the  value  of  the 
starting  specific  fuel  consumption  will  approach  0.3  kg/kg«h. 


The  important  parameter,  which  characterizes  the  perfection  of 
engine,  is  its  specific  gravity/weight  on  bcost  for  launching,  i.e., 
the  ratio  of  dry  weight  of  power  plant  toward  maximum  boost  for 
launching  yaB=G„/P0. 


Contemporary  GTD  can  have  specific  gravity/weight  Yab^O.IS— 0,23. 


i 


It  should  be  noted  that  the  specific  gravity/weight  of 
contemporary  TRD  virtually  aoes  not  depend  on  the  value  of  boost  for 
launching,  for  example,  TRD  G£  4/J5  (Po=28700  kg)  has  Ya»~°>i66;  TRD 
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J85=13  (Po=1850  kg)  it  has  y;w=0,163.  Specific  gravity/weight  TRDD  is 
proportional  to  value  and  also  it  depends  on  bypass  ratio. 

Sometimes  instead  of  tne  weight  per  horsepower,  is  examined 
reciprocal  value  (i. e.  thrust-tc-weight  ratio),  which  is  called  the 
weight  specific  thrust  of  engine  Pya=  Uya,. 

The  basic  size  dimensions  of  engine  are  its  length  and 
maximum/overall  diameter  (on  compressor,  on  entry,  on  nozzle,  etc.) . 
The  diameter  of  engine  freguently  determines  the  frontal  area  of 
fuselage  or  nacelle,  which  in  the  final  analysis  is  reflected  in  the 
lift-drag  ratio  of  entire  aircraft.  Therefore,  ether  conditions  being 
equal,  always  is  given  up  preference  to  engine  with  smaller  diameter. 

Page  121. 

The  dependence  of  the  diameter  or  engine  on  bcost  for  launching  can 
be  written  in  the  form 

A,, « (l,62+0,275/n°.*) j/  1A_  M,  (7.1) 

where  PD  -  in  kg;  in  -  bypass  ratio. 

The  tasks,  fulfilled  by  contemporary  aviation,  require  the  power 
plant  of  the  aircraft  of  high  cost-effectiveness/efficiency  over  a 
wide  range  of  speeds  and  fright  altitudes.  However,  the  greatest 
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cost-ef fectiveness/ef f iciency  of  aircraft  engine  is  provided  in  such 
a  case,  when  it  is  designed  for  a  comparatively  small  altitude-speed 
range.  By  this  is  explained  the  division  of  engines  into  subsonic, 
supersonic  ones  and  hypersonic  ones. 

Engines  for  subsonic  aircraft. 

The  oldest  type  of  engines  for  subsonic  aircraft  it  is,  as  is 
known,  piston  engine.  At  present  are  produced  only  low-power  piston 
engines  (N=100-340  hp)  and  are  installed  on  very  light  aircraft 
(tourist,  sport,  etc.) .  However,  also  on  light  aircraft  PD  it  began 
to  be  replaced  by  other  types  of  engines. 

A  continuous  increase  in  the  launching  weight  of  aircraft 
requires  the  appropriate  increase  in  the  installed  power.  Figures 
7.1a  give  the  curve  of  an  increase  in  the  required  power  in  the 
cruise  setting  of  flight,  neyinniny  with  the  aircraft  of  the  40's. 
During  the  examined/considerea  period  the  required  power  increased 
approximately  20  times,  weight  per  horsepower  according  to  thrust 
horsepower  in  cruise  setting  considerably  decreased  (Fig.  7.1b), 
moreover  by  jump  -  with  the  advent  of  GTD.  Contemporary  TRDD  develops 
thrust  horsepower  on  1  kg  of  weight  3-4  times  mere  than  PD. 


As  can  be  seer,  from  Fig.  7.1c,  contemporary  GTD  (at  doubly 
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larger  cruising  flight  spaed)  in  the  value  of  the  specific 
expenditure/consumption  of  fuel  were  equaled  with  best  PD. 


Figures  7. Id  show  a  change  in  the  initial  velocity  of  engine 
plants  on  1  hp  of  thrust  horsepower.  With  implementation  GTD,  the 
cost/value  of  engine  plants  snarply  was  lowered,  in  spite  of  an 
essential  increase  in  the  power  of  engines. 
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Page  122. 

At  present  turboprop  engine  finds  in  aviation  increasingly 
smaller  use.  In  order  to  compete  with  contemporary  TRDD  [turbofan 
engine],  further  perfection  -•>f  TVD  must  be  directed  toward  an 
increase  in  the  specific  power  and  the  decrease  of  the  fuel 
consumption.  However,  in  this  case,  appear  the  difficulties, 
connected  with  propeller:  it  is  difficult  to  create  the 
screw/propeller,  which  has  sufficiently  high  efficiency  at  the 
increased  power  of  engine,  but  it  is  not  less  difficult  to  solve  the 
problem  of  a  decrease  in  tne  coamon/general/total  noise  level  and 
vibrations  on  aircraft  during  the  installation  of  a  similar 
screw/propeller . 

Now  most  promising  engine  for  the  power  plant  of  subsonic 
aircraft  is  TRDD  (turbofan  engine)  . 

TRDD  makes  it  possible  to  have  in  cruise  to  10-15o/o  smaller 

T'Jrbc> 

specific  fuel  consumption,  tnan  tne  straight  .jet/l(Fig.  7.2). 

A 

Advantage  of  TRDD  is  also  tne  higher  ratio  of  takeoff  thrust 
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toward  cruising,  therefore,  with  equal  with  TRD  cruising  thrusts 
(determined  by  gross  weight  and  by  aerodynamic  aircraft 
quality/fineness  ratio),  TRDD  provides  to  aircraft  the  best  takeoff 
data. 


k  resource/lifetime  of  this  type  of  engines  at  present  is  most 
high.  Service  life  between  sorting/partitions  for  TRDD  is  equal  to 
8000-  10000  h. 


First  TRDD  were  developed  on  the  basis  of  existing  TRD  and  they 
had  small  bypass  ratio  m=0. 6- 1 . 4* . 

FOOTNOTE  1 .  By  the  degree  (coefficient)  of  bypass  configuration,  as 
is  known,  is  understood  tne  ratio  of  the  How  rate  per  second  of  air 
in  outer  duct  toward  the  flow  rate  per  second  of  air  in  internal 
duct/contour.  ENDFOOTNO'IE. 

Contemporary  TRDD  are  cnaracterized  by  higher  bypass  ratio 
m=3-6.  They  have  a  row/series  or  fundamentally  new  constructive 
solutions  (possibility  cf  independent  rpm  control  of  each 
cascade/stage  of  compressor)*  in  the  construction/design  of  engines, 
widely  are  utilized  new  structural  materials  (in  particular,  they  are 
used  the  plastics,  reinrorced  by  tne  filaments  cf  graphite,  boron, 
etc.) .  These  and  other  innovations  make  it  possible  to  bring 
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compression  ratio  in  compressor  to  25  and  more,  which  increases  the 
cost-effectiveness/eff icieucy  oi  engine. 

Cost-effectiveness/efficiency  of  TRDD  and  its  fundamental 
characteristics  depend  also  on  tne  bypass  ratio  of  engine. 


in 
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Fig.  7.2.  The  typical  dependence  oetween  the  temperature  of  the  gas 
before  the  turbine  and  the  specific  consumption  of  fuel  by  TRD  and 
TRDD  (under  conditions  for  cruise):  m  -  bypass  ratio. 

Key:  (1).  kgf/kgf*h. 

Fig.  7.3.  Effect  of  bypass  ratio  on  value  CT  of  TRDD  (CT  -  relative 
expenditures  for  fuel/propellant)  . 

Page  123. 

The  specific  hourly  consumption  of  fuel/propellant  in  the  first 
approximation,  can  be  expressed  as  follows: 

cpsts0,9[ - +  M  (0,494  -  0,0 145/7)1  Krc/xrc-M,  (7.2) 

L  1  +  0,525  V m 

Key:  (1) .  kgf/kgf *h. 


where  m  -  bypass  ratioj 
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M  -  flight  mach  number^ 

H  -  flight  altitude.  Km. 

Specific  gravity/weight  of  TRDD  approximately  can  be  written  in 
the  fora 

Tjih~0,23  —  0,03/tt-f  0,0082/n1-5.  (7.3) 

The  diameter  of  engine  will  be  determined  according  to  expression 
(7.1)  . 


The  drag  coefficient  of  engine  nacelle  of  TRDD  with  an  increase 
in  the  bypass  ratio  decreases,  wmch  is  evident  from  the  expression 

0,16 


C  r  =» 


V'l 


(7.4) 


Figure^  7.3  shows  the  effect  of  bypass  ratio  on 
cost-of fectiveness/eff iciency  of  TKDD  (as  unity  is  accepted 
cost-effectiveness/efficiency  of  TRDD  with  ra=1-1.5). 


At  present  for  heavy  sunsonic  aircraft  are  applied  TRDD  with 
bypass  ratio  m=4-8. 


The  subsonic  engines  include  also  special  hoisting  TRD  and  TRDD 
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for  VTOL  aircraft.  According  to  the  principle  of  the  creation  of 
vertical  and  horizontal  thrusts,  the  power  plants  of  VTOL  aircraft 
are  divided  into  single  and  compound/composite  ones.  Single  pover 
plants  serve  for  vertical  takeoff  and  landing  and  for  the  level 
flight  (one  and  the  same  engine  creates  vertical,  and  horizontal 
thrusts)  .  These  engines,  as  a  rule,  were  intended  for  installation  on 
supersonic  aircraft. 

The  compound/co mposite  power  plants  of  VTOL  aircraft  have 
engines  for  the  creation  of  vertical  thrust  on  takeoff  and  landing 
(hoisting)  and  engines  for  ootarning  the  horizontal  thrust  (march). 

As  sustainer  engines  are  utilized  usual  TRD  and  TRDD. 

Lift  engines  in  the  parameters  of  working  process  and 
construction/design  considerably  differ  from  sustainer  engines.  These 
engines  have  specific  gravity/weight  approximately  3-3.5  times  less 
than  the  specific  gravity/weignt  of  usual  GTD  [gas-turbine  engine] 
(which  is  reached,  first  of  ail,  aue  to  a  considerable 
reduction/descent  in  the  reaource/lif et ime  of  engine)  . 

The  advantages  of  hoisting  TBDD  in  comparison  with  hoisting  TRD 

are] 

-  smaller  exhaust  gas  velocities  (and  consequently,  the  smaller 
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destructive  action  of  gas  jet  on  the  launching  pad) j 

-  best  cost-ef f ectiveness/efr iciency  under  conditions  of  the 
vertical  lift,  landing  and  hoveriny  (in  hoisting  TRDD  with 
low-pressure  fan  the  specific  fuel  consumption  is  almost  three  times 
less  than  in  hoisting  TED) »  True,  this  TRDD,  possessing  the  indicated 
advantages  in  comparison  with  noisting  TED,  is  inferior  to  it 
according  to  diameter  and  by  blockaded  volume. 

Engines  for  supersonic  aircraft. 

Most  economical  during  supersonic  flight  are  two  types  of 
engines  -  TRD  and  TRDD. 

In  order  to  ensure  the  smallest  fuel  consumption  and  highest 
efficiency  over  a  wide  range  or  Mach  numbers  (from  takeoff  to  maximum 
speed) ,  TRD  has,  as  a  rule,  afterburner,  and  TRDD  -  afterburning  in 
secondary  circuit  (Fig.  7.4)  . 

For  an  endurance  fligut  in  supersonic  conditions/mode,  are 
examined  usually  two  speed  ranges:  speed  range,  which  correspond  to 
number  M*s-2  whose  advantage  lies  m  the  fact  that  the  airframe  of 
aircraft  can  have  constr uction/clesign  from  usual  aluminum  alloys,  and 
the  speed  range,  which  correspond  to  number  Ms3,  which  although 
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creates  the  specific  problems,  promises  the  higher 
cost-effectiveness/efficiency  of  flight. 

Page  124. 

One  should  consider  that  for  the  flight  speed,  which  corresponds 
to  a  number  H»2,  it  is  possible  to  utilize  TRD  and  TRDDj  compression 
ratio  in  compressor  for  botn  types  of  engines  it  must  be  %®9— 10. 

Absence  of  essential  difference  in  characteristics  of  TRD  and 
TRDD  on  supersonic  speeds  to  a  certain  degree  is  explained  by  the 
fact  that  during  an  increase  in  the  coefficient  of  bypass 
configuration  from  0  to  0.5-0. 7  specific  fuel  consumption  decreases 
insignificantly  (approximately  ny  lo/o) .  Further  increase  in  the 
coefficient  of  bypass  configuration  progressively  makes  the  engine 
characteristics  worse.  One  should,  however,  remember  that  we  are 
dealing  with  prolonged  supersonic  flight. 

Some  supersonic  aircraft  (multipurpose  fighters,  etc.) 
frequently  accomplish  prolonged  sunsonic  flight.  In  this  case  all 
advantages  on  side  of  TRDD.  The  oypass  ratio  of  such  engines  (in 
order  not  to  make  characteristic  worse  with  M>1)  must  be  small: 
m=0.7-1.2,  while  compression  ratio  —  jtK=  12 — 16. 
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At  the  flight  speed,  whxcn  corresponds  to  number  Ms3, 
single-circuit  and  bypass  engines  also  do  not  have  large  differences 
Therefore  and  it  is  possible  to  apply  engines  of  both  types.  However 
the  difference  in  the  fact  tnat  at  this  speed  the  engines  (both  TRD 
and  TRDD)  with  low  compression  ratio  in  compressor  Z3~H  with  M.C3) 
they  have  the  smaller  specific  consumption  of  fuel  (Pig.  7.5). 
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Fig.  7.4.  The  dependence  of  thrust  horsepower  and  specific 
consumption  of  fuel  of  1RD  "Olympus"  (England  -  France)  on  flight 
Mach  number  (with  afterburner,  also,  without  afterburner),  H=11  km 

Key:  (1).  hp.  (2).  kgf/hp«h- 
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b) 

Fig.  7.5.  Characteristics  of  TRD  and  TRDD,  which  are  determining 
their  cost-ef fectiveness/ef f xciency  with  M»3;  H~20  km. 


Page  125. 
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Engine  for  hypersonic  aircraft. 

The  application/use  of  gas  turbine  engines  for  aircraft  power 
plants  is  limited,  as  is  Known,  by  a  number  M«3.5.  For  flight  at  high 
speeds  by  the  best  cost-effectiveness/efficiency  will  possess  PVHD 
[ramjet  engine]  with  subsonic  comoustion  (M^8)  and  PVRD  with 
supersonic  combustion  • 

Rocket  engines,  workers  on  chemical  fuel/propellant  (ZhRD 
[liquid  propellant  rocket  engine]),  achieved  now  this  level  of  the 
development  when  further  increase  m  the  specific  impulse  becomes 
ever  slower  and  being  expensive.  Moreover,  the  specific  impulse  of 
ZhRD  remains  insufficient  for  its  installation  on  hypersonic  aircraft 
{Fig.  7.6)  . 

The  cost-ef fectiveness/ef f iciency  of  engine  in  the  first 
approximation,  can  be  estimated  in  the  value  cf  its  specific  impulse 
/,  (since  cp  =360o//t  kgf/kgf*h). 

It  must  be  noted  that,  in  spire  of  the  increase  of  the  specific 
fuel  consumption  per  supersonic  speeds,  the  overall  efficiency  of 
engine  increases.  Overall  efriciency,  as  is  known,  are  considered  all 
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losses  in  the  energy  conversion  of  fuel/propellant  into  useful  thrust 
work.  For  hydrocarbon  fuel  (kerosene)  the  expression  overall 
efficiency  jet  engine  can  oe  written  in  the  form 

=  0,00082 Vlcp.  (7.5) 

The  overall  efficiency  of  the  engine  of  subsonic  aircraft 
(*1~: 0 •  85)  composes  approximately  24o/o.  At  the  flight  speed,  which 
corresponds  to  number  M=2,  it  grow/rises  already  to  ~38o/o  (which 
exceeds  the  thermal  efficiency  or  the  best  contemporary  power 
stations)  ,  while  with  M=3  T]n~460/o'.  increase  efficiency  is  continued 
also  in  flight  at  hypersonic  speeds  with  PVRD. 

Most  promising  ones  for  hypersonic  aircraft  are  compound  engines 
-  direct-flow  turbine  (THD+PVRD).  TRD  must  work  to  the  speed,  which 
corresponds  to  number  M«3.5,  then  gas-turbine  circuit  is  closed,  and 
at  hypersonic  speeds  engine  will  work  as  PVBD. 

The  examined  above  fundamental  characteristics  of  aircraft 
engines  (different  types)  can  have  the  specific  differences,  caused 
by  the  design  features  of  concrete/specific/actual  specimen/samples. 
For  example,  two  one-type  engines  with  identical  boost  for  launching 
can  have  the  different  values  ox  specific  gravity /weight,  specific 
consumption  of  fuel,  diameter  of  engine,  etc.  If  all  characteristics 
in  one  engine  are  better,  a  guestion  of  the  selection  of  engine  is 
solved  unambiguously.  However,  in  practice  this  case  is  encountered 
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rarely.  As  a  rule,  during  the  comparison  of  several  engines  it  proves 
to  be  that  one  characteristics  are  better  in  one  engine,  others  -  are 
better  in  another  engine,  etc.  How  in  that  case  to  select 
concrete/specific/actual  engine  for  the  design/projected  aircraft? 
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Fig.  7.6.  The  dependence  of  specific  impulse  (on  fuel/propellant) 
from  flight  mach  number  for  different  types  of  engines,  workers  on 
kerosene  (1;  2;  3)  and  hydrogen  (1A$  2aj  3a):  1;  la  -  GTD ;  2;  2a  - 
PVRD  with  subsonic  combustion j  Jy  3a  -  PVRD  with  supersonic 
combustion. 

Key:  (1).  kgf*s/kgf.  (2).  ZnRD,  tnat  works  on  H2+02. 

Page  126. 

There  are  methods  of  comparison  of  engines  according  to  their 
fundamental  characteristics,  for  example,  is  examined  the  product  of 
the  specific  parameters:  y;u„  cp,  DVJP»  or  is  compared  the  total  weight 

i 

of  engine  plant  and  f uel/propeliant  (G'<iy+GT0II)  and  so  forth.  However, 
these  methods  bear  the  approximate  character  and  they  do  not  make  it 
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possible  to  solve  the  presented  question  with  sufficient 
accuracy /prec ision. 

In  order  to  select  one  or  another  engine,  it  is  necessary  to 
make  detailed  airplane  performance  computation  with  each  engine, 
after  determining  flight  (and  others)  characteristics  of  aircraft, 
and  to  estimate  the  degree  of  fulfilling  the  requirements,  presented 
to  this  aircraft. 

For  contemporary  civil/civilian  and  military  aircraft  (as  a 
rule,  heavy)  is  specially  desiyn/projected  engine  based  on  given 
characteristics  of  aircraft.  The  designers  of  aircraft  and  the 
designers  of  engine  carry  out  great  joint  operation  on  the  solution 
of  the  questions,  connected  with  installation  of  this  engine  on  this 
aircraft. 

Only  after  accomplisainy  of  the  indicated  works  a  question  of 
the  selection  of  engine  can  ue  solved  finally. 

The  necessary  quantity  of  engines  for  the  power  plant  of 
aircraft  depends  on  a  whole  series  of  the  factors,  caused 
designation/purpose  of  aircraft  as  well  as  by  its  basic  parameters 
and  flight  characteristics. 
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The  discrepancy  of  the  effect  of  a  number  of  engines  on  safety, 
cost-effectiveness/efficiency  and  regularity  cf  flights  leads  to  the 
fact  that  the  selection  of  a  numoer  of  engines,  until  now,  remains 
the  insufficiently  developed  guestion  of  the  design  of  aircraft. 

In  general  terms  reguirements  for  all  aircraft  when  selecting  of 
a  number  of  engines  can  be  formulated  thus: 

-  aircraft  must  possess  tne  necessary  starting  thr ust-weight 
ratio} 

-  aircraft  must  possess  sufficient  reliability  and 
cost-effectiveness/efficiency. 

§2.  Air  intakes  of  contemporary  aircraft. 

The  functions  of  air  intake  m  the  system  of  power  plant  of 
contemporary  aircraft  are  reduced  to  following: 

-  to  ensure  the  stanle  operation  of  engine  in  all  flight 
conditions^ 

-  to  ensure  air  compression,  which  enters  the  air  intake, 
converting  kinetic  energy  or  the  incident  flow  into  pressure. 
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As  is  known,  at  the  subsonic  flight  speeds  an  increase  in  the 
air  pressure  in  engine  circuit  cccurs  in  basic  in  compressor  of  TRD 
(approximately  five  times  more  than  in  diffuser).  With  an  increase  in 
the  speed  of  the  function  of  compressor,  gradually  they 
transfer/convert  to  air  intake;  with  number  M=1.2-1.4,  the  air  intake 
and  compressor  to  identical  degree  compressible  flow.  At  high 
supersonic  flight  speeds  (M>3)  tne  role  of  compressor  becomes  already 
unessential,  and  compression  ratio  in  input  device  reaches  order 
40: 1. 


By  the  compression  ratio  of  air  in  turbojet  engines  it  is 
accepted  to  call  the  ratio  of  air  pressure  at  the  end  compression, 

i.e.,  after  compressor,  toward  the  atmospheric  pressure 

a  =  =n„xJth’ 

P„  P„  Pa 

where  Pu -  compressor  discnarye  pressure  (at  the  burner  inlet); 


pH-  atmospheric  pressure,; 


Pa-  pressure  at  the  entry  into  compressor^ 


^bx  -  compression  ratio  in  air  intake; 
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”k-  compression  ratio  iu  compressor. 

Page  127. 

A  change  in  values  nUx  and  Jin  during  an  increase  in  the  speed  for 
air  intake  and  TRD,  designed  for  cruising  flight  speed  with  H=3.0, 
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abstract/removed  the  role  or  the  adjustable  compressor. 


In  diffuser  the  pressure  so  grow/rises  (for  example,  with  Ms;2.2 
•*ti>x  =  10)  its  distribution  on  internal  surface  is  such,  that  is 
created  the  thrust,  egual  to  6Q-75o/o  of  entire  thrust  of  power  plant 
(Fig.  7.7)  . 


During  braking  of  flow,  always  take  the  place  of  loss  of 
pressure,  caused  by  friction,  vertex  formation  (flow  breakaway  in  the 
nonuniform  velocity  field),  by  heat  exchange,  while  during  stagnation 
of  supersonic  flow,  appear  the  wave  losses,  caused  by  the  emergence 
of  shock  waves.  As  a  result  of  air-intake  loss,  actually  attainable 
values  ^nx  prove  to  be  lesser  than  theoretically  possible  ones.  For 
example,  with  number  M=3  it  is  possible  to  obtain  n,a«30  instead  of 
Jtiix.ii»«38,  which  would  be  in  the  ideal  case  (without  losses)  . 


* 

where  p<>  -  pressure  of  the  completely  stagnant  flow  at  the  end  of  the 
air  intake  (at  the  entry  into  compressor); 

p],  ■-  the  free-stream  total  head  of  air. 

So  that  the  air  intake  of  contemporary  aircraft  would 
effectively  fulfill  its  functions,  it  must  provide: 

-  possible  the  higher  values  of  the  total  pressure  recovery 
coeff  icie  nt  j 

-  a  sufficiently  uniform  field  of  inlet  velocities  into 
compressor^ 


-  stable  (without  separations  of  flow  and  pulsations  of 
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pressure)  operation  in  all  conditions/raodes  of  operation^ 

-  least  possible  external  resistance. 

Subsonic  air  inlets. 

The  accumulated  experience  of  construction  and  operation  of  the 

subsonic  air  inlets  makes  it  possible  to  obtain  the  very  high  values 

of  the  total  pressure  recovery  coefficient  in  similar  input  devices  - 
o«x  =  0,97—0,98. 
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Fig.  7.7.  Distribution  of  thrust  and  aerodynamic  drag  along  the 
length  of  engine  nacelle  with  number  M=2.2. 

Key:  (1).  Temperature.  (2).  Compression  ratio. 

Page  128. 

During  the  design  of  the  subsonic  air  inlets,  their  parameters 
are  selected  for  basic  flignt  conditions. 

The  size/dimensions  of  the  inlet  of  diffuser  are  determined  by 
the  air  flow  rate  through  tne  intake  area.  According  to  the  law  of 
conservation  of  mass,  the  per-second  weight  flow  rate  of  air  in  cross 
section  H-H  and  ox  — ex  (Pi'g.  7.8)  will  be  identical: 

Go=FnV-!fl=FnVBXinx, 

where  V  -  a  rated  speed  of  flight  at  height/altitude  H. 
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Intake  area  it  is  possible  to  express  thus: 


where  0B  -  the  flow  rate  per  second  of  air  by  engine,  for  which  is 
design/projected  the  air  intake  (it  is  assign/prescribed  in  the 
engine  characteristics) ; 

^»x-  air  speed  at  the  entry  into  air  intake^ 

T »x=P„x£  -  the  specific  gravity/weiyht  of  air  at  entry. 

Value  V„x  in  the  first  approximation,  can  be  determined  in  the  form 

V.X=VVM, 

where  Fflx=0,3— 0,7  -  relative  air  speed  at  the  entry  into  air  intake. 

The  smaller  values  of  value  FSx  are  accepted  for  the  long  and 
bent  channels  (in  order  to  nave  small  hydraulic  losses) ,  large  values 
Fax-  for  short  channels  and  GTD  with  high  inlet  velocities  into 
compressor. 

An  increase  in  the  air  density  p»x  during  braking  from  V  to  is 
determined  from  special  gas-dynamic  tables. 

In  the  period  of  precomputations  (and  also  during  diploma 
design)  the  size/dimensions  or  inlet  can  be  determined  through  the 
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relative  diameter  of  the  entry 


Here  D^Djd,; 

Dn-  the  diameter  of  the  entry  of  air  intake; 

maximum  outside  diameter  of  nacelle,  moreover 
A-~(l>2—  1,3)Dsh, 

where  DBU  -  maximum  inner  diameter  of  nacelle. 
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Fig.  7.8.  Diagram  of  the  subsoaic  air  inlet. 

Page  129. 

It  is  possible  to  accept  DBa*sDM  -  the  diameter  of  engine  (on 
compressor)  . 

The  profiling  of  entering  edge  is  realize/accomplished  in  order 
to  obtain  the  even  flow  cf  nacelle  and  to  avoid  flow  separations  at 
entry . 


The  angle  of  indraft  of  external  jet  boundary  to  the  entry  into 
the  air  intake  of  its  relatively  axle/axis  in  the  first 
approximation,  can  be  determined  through  the  relative  rate  of  entry 

where  Pm  -  in  degrees. 


(7.8) 
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The  radius  of  curvature  of  air-intake  lip,  which  ensures  even 
flow,  approximately  can  he  accepted 

rm  In = (0,04-  0,05)  (7.9) 

The  profiling  of  air  duct  is  provided  for  for  obtaining  the 
greatest  value  of  value  <t1x  and  uniform  field  of  inlet  velocities  into 
compressor  (cross  section  A-A) « 

If  the  expansion  of  channel  (after  entry)  too  greatly  or  channel 
has  sharp  rotations  and  bendings,  flow  can  he  separated  from  walls, 
which  will  lead  to  considerable  to  eddy  losses.  Another  reason  for 
losses  in  subsonic  diffuser  -  air  friction  against  the  walls  of 
channel.  However,  if  flew  oreaxaway  it  does  net  proceed,  then  losses 
from  friction  prove  to  be  comparatively  small. 

If  diffuser  is  done  with  rectilinear  walls,  then  the  half-angle 
of  its  solution/opening  must  be 

a<4-5°. 

If  channel  has  rotations  and  bendings,  then  in  last/latter 
section  (before  the  engine)  the  axle/axis  of  channel  must  coincide 
with  the  axle/axis  of  compressor.  The  length  of  this  cylindrical  part 
of  the  channel  must  ne  not  less  (0.5-0. 1)  £>n„. 

The  profiling  of  the  external  enclosures  of  air  intake  must 
ensure  to  it  minimum  drag.  Tnerefore  the  external  enclosures  of  air 
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intake  are  shaped  independent  or  internal  ones. 

The  relative  external  length  of  entry,  advisable  from  the  point 
of  view  of  external  flow,  it  can  be  expressed  as  the  function  of 

flight  mach  nuaber 

L~L\Drm  1,5M2,  (7,10) 

where  L  -  a  distance  from  the  leading  edge/nose  of  nacelle  to 
cylindrical  part. 

It  must  be  noted  that  the  given  above  dependences,  which  are 
determining  the  basic  parameters  of  air  intake,  are  approximated.  It 
is  theoretically  very  complicated  to  consider  all  special 
feature/peculiarities  of  real  flow;  therefore  recommendation 
regarding  profiling,  for  example  air  duct,  they  are 
establish/installed  in  essence  experimentally. 

Supersonic  airs  inlet. 

In  the  supersonic  air  inlet  of  the  losses,  which  appear  during 
air  compression,  they  are  composed  of  wave  losses  (in  the  system  of 
•jumps),  eddy  losses  and  losses  from  friction. 

Page  130. 
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However,  basic  value  compose  the  wave  losses 

3M = (0,9  — 0,95)  3ck, 

n 

where  °ck=3i32- •  .3„  =  n  -  a  total  pressure  recovery  coefficient  in  the 
system  of  jumps; 

ai  -  total  pressure  recovery  coefficient  in  one  jump. 

Depending  on  the  form  of  the  cross  section  of  entry,  the 
supersonic  -tits  inlet  can  be  divided  into  two  types:  two-dimensional 
(flat/plane)  and  three-dimensional  (circular,  semicircular,  etc.) . 
Depending  on  the  position  of  oolique  shocks,  the  air  intakes  are  of 
the  external,  internal  and  mixed  compression  (all  three  types  can  be 
two-dimensional,  and  three-dimensional  Fig.  7.9). 

The  first  multishock  air  intaxes  of  supersonic  aircraft  were 
external  compression.  In  comparison  with  the  air  intakes  of  internal 
compression,  they  are  sufficiently  simple  in  regulation,  they  do  not 
require  complicated  starting  system,  they  possess  weight  advantages; 
however,  efficiency  in  them  are  below  (air  intakes  with  external 
compression  have  also  great  aerodynamic  resistance)  .  For  example  with 
M=3,  is  obtained 

o„.=0,75-  external  compression: 
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ax„— 0,95  -  internal  compression^ 
aBX~0,85-  mixed  compression. 

“f  he  parameters  and  the  size/dimensions  of  the  supersonic  air 
inlet  are  selected  for  basic  flight  conditions  (as  a  rule,  supersonic 
cruise)  . 

Intake  area.  The  throughput  of  air  intake  (diffuser)  is 

estimated  by  the  coefficient  or  expenditure/ccnsumption  <t>,  which  are 

the  ratio  of  the  real  air  flow  rate  toward  maximally  possible,  i.e. 

<7. 

9—~ - • 

max 

The  coefficient  of  expenditure/copsumption  <t>  is  numerically 
equal  to  the  relation  to  the  area  of  air  jet  in  the  undisturbed  flow 
(cross  section  H-H)  to  intake  area  into  air  intake  (Fig.  7.10) 


moreover  the  intake  area  of  the  supersonic  air  inlet  is  considered 
complete  sectional  area  vkh-vkh.  The  area  of  directly  entrance  slit 
is  defined  as 

f  —  f  _  F 

*  tu - 9  9X  1  T> 

where  Fi  -  a  sectional  area  of  body,  which  creates  the  shock 
envelope. 

For  the  creation  of  the  system  of  jumps  in  air  intakes,  can  be 
used  both  the  flat/plane  bodies  (wedge)  -  for  the  two-dimensional 

inlets  and  circular  bodies  (cone,  semicone,  fourth  of  cone) 

three-dimensional  air  intakes  of  tne  corresponding  form. 


for  the 
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Fig.  7.9.  The  methods  cf  forming  tne  shock  waves:  a)  air  intake  with 
external  compression  -  all  oblique  shocks  are  arrange/located 
outside:  b)  the  air  intake  of  the  mixed  compression  *  oblique  shocks 
are  arrange/located  snaruji,  and  within  air  intake;  c)  air  intake 
with  internal  compression  -  all  oblique  shocks  are  arrange/located 
inside. 


Page  131. 

However,  the  geometric  parameters  of  all  air  intakes  are  analogous; 
therefore  longitudinal  section,  for  example  semicircular  and 
two-dimensional  inlets,  it  will  oe  virtually  equally,  and  the 
longitudinal  section  of  circular  air  intake  will  be  characterized  by 
only  the  symmetry  of  the  lower  and  upper  part  of  the  cross  section. 

In  design  conditions  or  the  work  of  air  intake,  external  oblique 
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shock  waves  are  focused  on  the  leading  edge  of  cowling,  i.e.,  occurs 
the  equality 


T-  C.  —  FHV1ff  —  t 

'  Q  F  Vi  ' 

uB.max  '  bxkI fj 


whence 


oH 



V*H*' 


r.ii) 


where  0„  -  the  flow  rate  per  second  of  air; 

V  -  flight  speed  of  aircraft; 

?h-  air  density  at  flight  altitude; 

g=9.8  1  m/s2. 

The  complete  air  flow  rate  throuyh  the  air  intake  is  equal  to 

Qsi—0B-\-Ga.TiA~\~G*  .nepi 

where  G„ -  air  flow  rate  through  the  engine; 

Ob.h.c  -  air  of  boundary  layer,  poured  from  the  surfaces  of  compression 
(wedge,  cone,  etc.)  ; 


Gfl.nep  “  air,  passed  from  diffuser  nack  in  the  atmosphere  through 
bypass  (anti-surge)  shutter/doors. 



w^'&ww. 
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However,  with  sufficient  for  sketcu  design  accuracy /precision  it  is 


possible  to  accept 


Q%z  ~  G„. 


The  flow  rate  of  air  (physical)  through  the  engine  is  equal  to 


o.-owi-  yf  •*., 

Po  V  th 


(7.12) 


WM 


4  1 

W-  ^ 

fe  * 

EL-  -  * 


where  ^•■«v  -  the  given  air  flow  rate; 

pa  =  PH3tt' 

Po,  T0  ~  respectively  pressure  and  temperature  of  surrounding  air 
with  H=0;  V=0. 


acwccar? 
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Fig.  7.10.  Diagram  of  the  supersouic  air  inlet  cf  the  mixed 
compression  (design  conditions  of  flow). 


Key:  (1).  External  obligue  shocxs.  (2).  Internal  oblique  shocks.  (3) 
Normal  shock  (closing)  . 


Page  132. 


Expressing  the  pressure  and  the  total  stagnation  temperature 

through  the  flight  aacb  number 

PH  =  Ph  ( H-  0,2M2)3’5;  T*„  =  T„  ( 1  +  0,2M2), 

*  ♦ 
where  Pu,  >n  -  respectively  the  pressure  and  the  total  stagnation 

temperature  incident  flew  at  flight  altitude^ 

P/i,  T „  -  respectively  pressure  (static)  and  temperature  of 
surrounding  air  at  flignt  altitude. 
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we  will  obtain 


Ot=G 


R.np 


+0,2M2)3 

1,033 


(7.13) 


The  resultant  expression  for  determining 
supersonic  air  inlet  will  take  me  form 
D  ^  Ww(l+0,2MJ)^  f~m 

lO.HK Y  T ft  ’ 


the  intake  area  of  the 

(7.14) 


where  fBI-  is  expressed  in  n2} 


Gii.np  -  in  kgf/s  (values  of  the  given  air  flow  rate  are  given  in 
appendix  III); 


pH-  in  kg/cm 

V  -  in  m/s: 


Ph-  in  kg«s2/m 


Th-  in  K. 


The  minimally  necessary  number  of  jumps  in  the  air  intake  of 
supersonic  aircraft  (depending  on  the  rated  speed  of  flight)  must  be; 

Ms?:i,3  -  one  normal  shock: 
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i: 


1^3-  " 
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M{1.  5  -  system  1  oblique  shock  +1  normal  shock^ 


M^2.0  -  system  of  2  oblique  shocks  +1  normal  shock^ 


M^2.5  -  system  of  3  oblique  shocks  +1  normal  shockj 


K^3.0  -  system  of  4  oblique  shocks  +1  normal  shock^ 


M.^3.5  -  system  of  5  oblique  shocks  *1  normal  shock. 


The  arrangement  of  oolique  snocks,  as  it  was  noted  above, 
depends  on  the  type  of  air  intake.  During  the  mixed  compression 
usually  of  1-3  oblique  shocks,  are  arrange/located  Gd the 
others  -  within  air  intake. 


The  angles  of  stepped  wedge  (cone)  -  aif  az,  a3  and  so  forth 
select  by  such  form,  in  order  to  m  design  conditions  of  the  work  of 
air  intake  the  external  oolique  shocks  (the  first  it  is  compulsory) 
they  were  focused  on  the  leading  edge  of  cowling.  To  focus  jumps  is 
possible,  obviously,  at  different  angles  a,  since  the  angles  of  the 
slope  of  jumps  d  depend  on  these  angles.  However,  the  great  value  of 
coefficient  ^ck  is  obtained  only  at  the  identical  intensity  of  jumps. 
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which  is  defined  as  the  relation  to  the  speed  of  the  flow  before  the 
jump  toward  the  speed  c£  flow  after  jump. 


Therefore  angles  alt  a2,  at3  and  so  forth  must  ensure  the 


equality 


vi  v»  Vs  *•’ 


where  V  -  speed  of  the  undisturbed  flow  (flight  speed) ^ 


Vj  -  speed  of  flow  after  the  1st  ocligue  shock* 


V2  -  speed  of  flow  after  tne  2nd  oblique  shock,  etc. 


Page  133. 


The  speed  of  flow  after  i  ooiique  shock  Vi  is  connected  with  the 


speed  of  the  flow  before  the  abruptlyly  following  dependence: 


where  Vi-r  -  a  speed  of  tne  flow  before  the  i  oblique  shock.  For  the 
first  oblique  shock,  therefore,  let  us  have 


l/j —  t/  —  cos  Pi 

cos  (P, -a,) ' 

where  V  -  flight  speed. 


(7.16) 


Flow  raach  number  aiter  rne  l  oblique  shock  is  determined  as 


follows: 


_  5  +  mi-i  |  5MLi  cos2  p, 

7M*_j  —  1  5  +  sin2pf 


(7-17) 


t  '# 


wedge  angle,  cone)  and  the  angle  of  the  slope  of  jump  is  expressed  by 
the  foraula 

*fn2  P;  —  1 


tga,=ctgfy 


l  +  M,_j  (1 ,2  —  tin2  P/) 


(7.18) 


Knowing  a  quantity  of  oblxque  shocks,  from  the 
preceding/previous  equations  it  xs  possible  tc  determine  the 
necessary  values  of  the  angles  of  stepped  wedge  (cone),  which  ensure 
identical  intensity  in  jumps. 

Special  attention  should  be  paid  to  the  angle  of  the  slope  of 
the  first  surface  of  compression  a,,  since  it  actually  determines  the 
carrying  out  of  cone  (wedge)  -  distance  from  the  apex/vertex  of  wedge 
to  intake  plane. 


For  contemporary  supersonic  airs  inlet  (depending  on  calculated 


flight  aach  number)  the  value  of  angle  aj  is  equal  to: 
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a*7 


\  M 
° 

al 

<2,5 

2, 5-3, 5 

/O 

Kaiih 

—9 

~7 

iv 

Kohjc 

-15 

-11 

Key:  (1)  .  Hedge.  (2)  .  Cone. 

Angle  a2  is  approximately  egual  to  angle  o4: 

<*2= a,  ±  (0°-f-2°). 

Table  7.1  for  some  values  of  angles  a  gives  the  appropriate 
values  of  angles  0  (depending  on  flow  mach  number  before  the  jump) . 

The  length  of  the  step/stayes  of  cone  (wedge)  easily  is 
determined,  if  are  known  angles  a  and  0  and  size/dimension  h. 

Distance  along  the  axis  from  intake  plane  to  the  apex  of  the 
cone  (wedge)  will  be  egual 


A-A/tgP,. 


(7.19) 



'fc  >  ! 
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Table  7.1. 


Key:  (1).  Wedge.  (2).  Ccne. 
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\ 

a 

Sss« 

1,5 

2,0 

2,2 

2,35 

2,7 

3,0 

3,5 

\ 

a0 

1,5 

2,0 

2,2  J2.35 

2,7 

3,0 

3,5 

5 

47 

34 

31 

29 

25 

23 

20 

9 

42 

31 

28 

26 

23 

21 

19 

Co 

X 

X 

7 

50 

37 

33 

31 

27 

25 

22 

11 

43 

32 

29 

27 

24 

22 

20 

£ 

9 

54 

39 

35 

33 

29 

27 

24 

O 

13 

44 

33 

30 

28 

25 

23 

21 

11 

58j 

41 

37 

35 

31 

29 

26 

15 

45 

34 

31 

30 

27 

25 

23 

Distance  from  intake  plane  to  the  beginning  of  the  second 
step/stage  of  cone  (in  Fig.  7.10  -  size/dimension  h)  let  us  find, 
after  conducting  from  the  point  of  the  focusing  of  the  2nd  jump 
ray/beam  at  angle  (ct4+^z)  to  the  incident  flow,  etc. 

The  throat  area  of  air  intake  Fr  (in  cross  section  g-g)  must 
decrease  during  an  increase  in  the  velocity  of  flight.  Physically 
this  is  completely  obvious;  with  an  increase  in  the  flight  mach 
number  grow/rises  pressure  ratio  ot  air  in  the  system  of  jumps,  and 
consequently,  are  increased  pressure  and  air  density  in  throat,  that 
also  leads  to  the  need  cf  decreasing  its  area  (otherwise  air  in 


& 
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throat  will  be  expanded  and  JtBX  will  be  lowered)  . 

Usually  is  calculated  the  necessary  relative  throat  area 

F  =-Il. 
r  ' 

The  value  of  value  -Fr  depending  on  flight  Bach  number  in  the 
first  approximation,  can  be  taken 


M 

1,5 

2,0 

2,5 

3,0 

3,5 

0,5 

0,42 

0,35 

0,32 

|  0,3 

The  obtained  as  a  result  of  sketch  design  paraneters  of  the 
supersonic  air  inlet  compulsorily  are  checked  and  are  corrected  in 
experimental  tests. 

Regulation  of  the  supersonic  airs  inlet. 

The  supersonic  airs  inlet  must  provide  the  high  values  of  the 
total  pressure  recovery  coefficient  oBX  in  considerably  larger  speed 
range,  than  subsonic  air  intakes.  'Therefore  they  have  a  control 
system  whose  task  lies  in  the  fact  that  to  provide  the  matched 
operation  of  air  intake  and  engine  (the  capacity  cf  air  intake  must 
correspond  to  the  capacity  of  engine) . 
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Otherwise  can  arise  the  unstable  fluctuating  work  {surging, 

"buzz ing/itch"  of  air  intake).  In  this  case,  strongly  descends 
coefficient  aBx-  At  supersonic  speeds  the  task  of  air  inlet  control  is 
reduced  to  hold  the  system  of  jumps  (especially  terminal  normal  shock 
after  throat)  in  assigned/prescribed  position.  This  can  be  made  a 
change  in  the  throat  area  and  a  bypass  of  excess  air  into  the 
surrounding  atmosphere.  Air  deeding  into  the  atmosphere  is 
realize/accomplished  by  disco very/opening  the  special  shutter/doors 
establish /installed  cn  canal  surface  (after  threat)  of  air  intake. 
These  shutter/doors  were  called  anti-surge  or  bypass  ones.  During  the 
supersonic  cruise  of  the  shutter/door  of  air  bleeding,  they  are 
opened  slightly  and  the  part  of  the  air  bronzes  in  the  atmosphere, 
preventing  thereby  the  emergence  of  the  surging  of  air  intake. 

At  takeoff  and  small  subsonic  flight  speeds,  required  throat 
area  proves  to  be  more  than  value  Fr.tw*>  of  that  determined  by  the 
structural/design  possibilities  (this  is  explained  by  relatively  low 
air  density  in  throat)  .  Therefore  in  spite  of  the  completely  opened 
throat,  there  is  not  enough  air  for  normal  operation  of  the  engine. 

In  order  not  to  disturb  engine  power  rating,  with  takeoff  and  at  low 
subsonic  flight  speeds  they  are  open/disclosed  additionally  auxiliary 
(takeoff)  shutter/doors  and  inspitratcry  reserve  it  proceeds  to 
engine,  passing  the  threat  (auxiliary  and  bypass  shutter/doors  are 
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shown  in  Fig.  7.16)  . 

Page  135. 

Structurally  control  system  is  fulfilled: 

a)  for  changing  the  throat  area: 

-  by  displacement/ Dsovemant  of  cone  forward  -  back/ago  (circular 
air  intakes)^ 

-  by  displacement/movement  of  mobile  ramps  (the  two-dimensional 
inlets)  } 

-  by  change  in  the  diameter  or  inner  body  (circular  air 
intakes)  j 

b)  for  supplementary  sucticn  or  air  bleeding: 

-  by  opening  of  supplementary  holes  in  channel  after  throat, 
(auxiliary  and  bypass  shutter/doors  -  on  all  supersonic  airs  inlet). 

Air  inlet  control  is  realize/accomplished  by  an  automatic 
system.  The  diagram  of  a  similar  system  is  shewn  in  Pig.  7.11.  In 
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system  there  are  two  main  chains  or  control  of  inner  body  and 
shutter/doors  of  bypass,  with  the  aid  of  which  is 

realize/accomplished  the  regulation  of  Mach  number  in  throat  and  the 
positions  of  closing  shock  wave. 

3.  Arrangement/position  of  air  intakes  on  aircraft. 

On  contemporary  aircraft  the  engines  frequently  are  placed  in 
the  special  externa],  nacelles  where  the  air  intake  directly  adjoins 
the  compressor  of  engine.  The  layout  of  engine  and  air  intake  is 
fulfilled  together  with  the  layout  of  engine  racelle. 

During  the  engine  installation  within  fuselage  or  wing,  the  air 
intake  is  separate/liberated  rrorn  engine  by  air  duct  and  the  layout 
of  air  intake  is  fulfilled  separately. 

By  the  main  requirement,  presented  to  the  layout  of  air  intakes 
on  jets,  as  it  was  already  noted,  it  is:  the  guarantee  of  a  uniform 
field  of  inlet  velocities  into  compressor  and  obtaining  of  the  high 
values  of  the  total  pressure  recovery  coefficient  ^sx- 

The  essential  nonuniformity  of  the  field  of  the  speeds  of  flow 


can  cause  the  vibration  cf  compressor  blades  and  their  breakage.  Even 
the  permissible  nonuniformity  of  tne  field  of  speeds  decreases  the 
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resource/lifetime  of  compressor  and  engine  as  a  whole.  The  basic 
source,  calling  the  nonunif ormity  of  the  field  of  the  speeds  in  air 
intake,  is  friction  (caused  by  the  ductility/toughness/viscosity  of 
air).  The  presence  of  friction,  as  is  known,  is  caused  the  appearance 
of  the  boundary  layer  on  fairing,  the  speed  in  which  sharply  falls 
from  the  speed  of  the  undisturned  flow  to  zero. 

During  supersonic  flow  tne  boundary  layer,  interacting  with 
shock  waves,  disturbs  tneir  definition:  appear  the  local  separations 
of  flow  from  wallsj  boundary  layer,  passing  through  jumps,  even  more 
greatly  increases  its  thickness^  in  the  places  of  the 
inflation/swelling/bulging  or  boundary  layer,  are  formed  new  weak 
obligue  shocks  (X-  jumps),  etc. 


DOC  =  79052106 


PAGE  yw 


Fig.  7.11.  The  hypothetical  control  system  of  the  supersonic  air 
inlet  (are  shown  basic  and  auxiliary  functions)  :  1  -  sensor  of  Bach 
number  in  throat;  2  -  regulator  of  inner  body;  3  -  manual  of  control; 
4  -  sensor  of  surging;  5  -  inner  body;;  6  -  sensor  of 
"disruption/separation";  7  -  launch  control;  8  -  sensor  of  Mach 
number;  9  -  position  detector  of  jump;  10  -  regulator  of  bypass 
shutter/doors;  11  -  bypass  shutter/doors;  12  -  engine;  »  -  basic 

functions;  auxiliary  functions. 

Page  136. 


T;:c  deviation  from  the  design  diagram  of  flew,  caused  by  the 
ductility/toughness/viscosity  of  air,  in  the  final  analysis  leads  to 
the  nonuniforraity  of  the  field  of  speeds  and  reduction/descent  °bx- 
Therefore  all  contemporary  air  intakes  have  a  system  of  the 
branch/removal  (drain)  of  boundary  layer.  Is  driven  out  both  the 
boundary  layer,  which  was  being  formed  on  the  surface  of  fuselage  (or 
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wing)  ,  and  the  boundary  layer,  which  arose  on  the  surfaces  of 
compression  -  cone  (wedge)  and  internal  surface  of  cowling  (Fig. 
7.  12)  . 


Boundary  layer  thickness  6,  as  is  known,  it  depends  on  the  speed 
of  flow,  on  the  coefficient  of  the  ductility/toughness/viscosity  of 
air  and  on  the  length  of  the  contact  of  flow  with  the  washed  surface 

8  ~f{V,  v,  x). 

During  the  design  cf  air  intake  for  the  reliable 
removal/distance  of  boundary  layer  the  height/altitude  of  drainage 

slots  (ht,  h2...)  they  accept 

1,^0  fiU, 

where  / ■  -  length  of  surface,  at  which  is  formed  the  boundary  layer. 

If,  for  example,  air  intaxe  will  close  abut  to  the  surface  of 
fuselage  (i.e.  hj=0) ,  then  the  total  pressure  recovery  coefficient 
with  M=2.5  decreases  by  25-30o/o,  which  will  lead  in  final  analysis 
to  a  reduction/descent  in  the  engine  thrust  to  ~45o/o  and  to  an 
increase  in  the  specific  fuel  consumption  per  -15o/o. 

For  final  equalization  of  velocity  fields  after  the  throat  of 

the  supersonic  air  inlet,  are  estanlish/installed  the  vortex 

generators  (small  plates).  Place  and  need  for  the  installation  of 

vortex  generators  is  determined  in  the  process  of  the  finishing  of 
air  intake  (during  wind  tunnel  tests). 

The  guarantee  of  a  boundary-layer  bleed  is  one  of  the  special 

feature/peculiarities  of  the  layout  of  contemporary  air  intakes. 
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Fig.  7.12.  Diagram  of  the  branch/removal  of  boundary  layer. 


Key:  (1).  Boundary-layer  bleed. 


Fig.  7.13.  Pylon  suspension  or  TRDD  under  wing. 

Page  137. 

Depending  on  the  place  or  arrangement/position  on  aircraft 
applied  the  following  basic  types  of  air  intakes: 


1)  frontal  air  intakes  (mainly,  circular) j 
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2)  the  off-axis  inlets  (circular,  semicircular,  flat/plane, 
etc.)  j 

3)  wingtip  air  intakes  (mainly,  flat/plane). 

Frontal  air  intakes  are  placed  either  in  to  the  nose  of  fuselage 
on  light  aircraft  or  in  to  the  nose  of  the  engine  nacelle, 
suspend/hung  from  pylon  under  the  wing  of  heavy  aircraft  (Fig.  7.13). 
The  major  advantage  of  frontal  air  intakes  lies  in  the  fact  that  they 
provide  the  high  uniformity  of  velocity  fields,  and  during  supersonic 
flight  in  design  conditions,  furthermore,  they  make  it  possible  to 
strictly  main tain/withstand  the  assigned/prescribed  position  of  the 
shock  envelope. 

However,  frontal  air  intakes  have  a  number  of  deficiency/lacks. 
If  on  heavy  nonmaneuverable  aircraft  during  entire  cruise  angle  of 
attack  is  not  changed,  and  consequently ,  the  system  of  jumps  at  the 
entry  into  air  intake  retains  assigned/prescribed  position,  then  on 
light  aircraft  during  maneuver  accomplishment  with  large  g-force, 
when  angle  of  attack  considerably  increases,  the  focusing  of  jumps  is 
disturbed,  which  leads  to  the  ncnunif orraity  of  the  field  of  speeds 
and  to  a  reduction/descent  in  the  total  pressure  recovery 
coefficient.  Briefly  stated,  frontal  air  intakes  at  high  angles  of 
attack  work  insufficiently  effectively. 
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The  second  def iciency/lacx  in  the  frontal  air  intakes  bears 
layout  character.  Placing  air  intake  in  to  the  nose  of  fuselage,  it 
is  necessary  to  occupy  large  internal  volumes  in  fuselage  under  the 
air  duct  (actually  entire  fuselage  from  nose  to  tail  is  gashed  by  air 
and  engine  circuit) ,  which,  naturally,  complicates  the  layout  of 
aircraft.  Furthermore,  frontal  air  intake  does  not  make  it  possible 
to  place  in  to  the  nose  of  fuselage  the  antenna  of  large-diameter 
radar  (antenna  is  limited  to  tne  size/dimensicns  of  intake  cone) . 

The  off-axis  inlets  in  form  or  entry  differ  in  terms  of  great 
variety . 
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Fig.  7.14.  Engine  nacelle  of  the  aircraft  of  Tu-134. 

Fig.  7.15.  Air  intake  of  f ignter-homber  of{phantom-  llj  (on  surface 
of  fuselage  is  visible  hay  for  arrangement/position  of  rocket 
"Sparrow”.  On  inside  of  cowling,  is  establish/installed  PVD  of  the 
control  system  of  air  intake) . 

Page  138. 

On  subsonic  aircraft  in  essence,  are  applied  either  the  circular  air 
intakes  or  the  air  intakes  the  entry  form  of  which  is  close  to  the 
rectangular  (deviation  from  circle  is  explained  by  the  tendency  to 
preserve  wing  profile) ^  these  air  intakes  are  called  also  wing,  since 
they  are  actually  arrange/located  in  root  of  the  wing. 
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The  presence  of  boundary  layer  on  the  surface  of  fuselage 
requires  the  creations  cf  drainage  slots  with  the  layout  of  the 
off-axis  inlets  on  aircraft,  for  which  entire  engine  nacelle  is  moved 
aside  and  is  fastened  tc  fuselage  to  pylon  (Fig.  7.14). 

It  must  be  noted  that  the  pylon  makes  it  possible  to  only 
organize  boundary-layer  bleed,  without  providing,  however,  working 
conditions  of  frontal  air  intake,  since  wing  downwashes,  wake  from 
the  wing  and  other  aircraft  components  create  the  local  conditions 
for  flow,  different  from  the  undisturbed  flow. 

On  supersonic  aircraft  in  essence,  are  applied  flat/plane  (Fig. 
7.15)  and  semicircular  lateral  air  intakes  (although  are  encountered 
other  entry  forms) .  The  arrange meut/position  cf  air  intakes  on  each 
side  of  fuselage  not  only  considerably  reduced  the  length  of  air 
duct,  but  also  it  completely  freed  the  nose  of  fuselage  for  the 
installation  of  radar  station.  During  the  clear  organization  of 
boundary-layer  bleed,  the  off-axis  inlets  work  very  effectively 
(however  during  maneuver  accomplisnment  at  supersonic  speed  with 
large  slip  angles  one  of  the  air  intakes  can  render/show  the  darkened 
forward  fuselage) . 
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Pig.  7. 16.  The  general-arrangement  diagram  of  the  engine  nacelle  of 
the  heavy  supersonic  aircraft;  1  -  slot  for  a  boundary- layer  bleed 
from  the  wing  surface;  2  -  the  fixed  plane  of  wedge;  3  -  mobile 
ramps;  4  -  subsonic  air  intaxe  duct;  5  -  supplementary  air  intake;  6 
-  primary  nozzle;  7  -  reversar  of  thrust;  8  -  adjustable  secondary 
nozzle;  9  -  silencer;  10  -  injector  of  afterburner;  11  -  wall  under 
engine;  12  -  bypass  (anti-surge)  shutter/door;  13  -  auxiliary 
(takeoff)  shutter/door;  14  -  cowling;  15  -  vertical  partition/baf fle< 
which  divides  the  air  intakes  of  two  engines;  a)  slot  for  a 
boundary-layer  bleed  frcin  tne  plane  of  wedge;  c)  air  of  boundary 
layer. 
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Key:  (1).  General  arrangement.  (2).  In  supersonic  cruise  flight.  (3). 
With  takeoff  in  afterburning  regime.  (4) .  In  the  case  of  engine 
shutdown  in  flight.  (5).  During  thrust  reversal  landing. 

Page  139. 

Wingtip  air  intakes  on  tne  existing  aircraft  (XB-70,  Tu-144, 
"Concorde")  have  flat/plane  entry.  Air  intake  is  the  forward  section 
of  the  engine  nacelle,  estaolish/installed  under  wing.  In  Pig.  7.16 
shown  longitudinal  section  of  the  engine  nacelle  of  aircraft 
"Concorde". 

A  deficiency/lack  in  the  wingtip  air  intakes  is  poor  work  on 
large  negative  angles  of  attack  (in  this  case  they  are  overshaded  by 
wing)  . 

§4.  The  fuel  system  of  aircraft. 

The  fuel  system  of  contemporary  aircraft  encompasses  the 
following  basic  cell/elements:  fuel  tanks,  conduit/manifolds,  pumps, 
valves,  tap/cranes,  filters  and  the  system  of  different  automatic 
machines,  sensors,  measuring  meters,  etc. 
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Designation/purpose  of  fuel  system  -  to  ensure  the  feed  of 
fuel/propellant  to  engines  in  all  possible  for  this  aircraft  flight 
conditions  {on  height/'altitude,  speed,  g-forces,  etc*)  in  a  necessary 
quantity  and  with  the  necessary  pressure.  On  supersonic  aircraft 
(especially  intended  for  a  prolonged  supersonic  flight)  the  fuel 
system  fulfills  another  row/series  of  important  functions,  providing 
cooling  the  system  of  conditioning,  hydraulic  system,  etc.,  and  also 
it  can  decrease  the  margin  of  the  stability  of  aircraft,  parrying  the 
shift/shear  of  focus  upon  transfer  from  subsonic  to  the  supersonic 
flight  (see  Chapter  VI) . 

As  main  fuel  for  jet  engines  of  contemporary  aircraft,  is 
applied  the  hydrocarbon  fuel  (improved  types  of  kerosene) .  For 
hypersonic  and  aerospace  aircraft  are  of  interest  cryogenic 
fuel/propellants  (in  essence  liguid  hydrogen) . 

At  the  high  flight  velocities,  when  the  direction  of  heat  flux 
in  the  construction  of  the  aircraft  changes  tc  opposite, 
fuel/propellant  (especially  placed  in  wing  tank  com part meets)  is 
heated.  For  example,  in  cruise  at  velocity,  which  corresponds  tc 
number  M=3,  the  heat  flux,  wnich  proceeds  from  sheathing/skin, 
becomes  this  essential  (mean  temperature  of  sheathing/skin 


*6 
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~260°C)that  it  could  heat  kerosene  to  boiling  point.  The 
application/use  of  the  thermal  insulation  (laminar  honeycomb  sandwich 
construction  also  considerably  decreases  heat  flux)  makes  it  possible 
to  avoid  the  excessive  heating  of  fue 1/propellant ^  however,  its 
temperature  at  high  speeds  («>3)  nevertheless  so  is  increased  that 
hydrocarbon  fuel  cannot  perrorm  the  role  of  ccclant  for  cooling  of 
construction/design  and  systems  of  aircraft. 

One  of  the  deficiency/lacks  in  the  hydrocarbon  fuel  is  its 
thermal  instability  at  high  temperatures  (for  example,  for  kerosene 
this  limit  it  is  equal  tc  approximately  200°C) .  If  the  limit 
indicated  is  reached  even  to  short  period,  then  can  be  formed  certain 
number  of  deposits  of  solid  particles  in  heat  exchangers,  filters, 
injectors  of  engines  and  so  forth  with  their  possible  blocking.  In 
this  connection  one  should  speak  about  the  superiority  of  liguid 
hydrogen  as  fuel/propellants  for  hypersonic  aircraft. 

At  hypersonic  speeds  hydrogen  before  the  feed  into  engine  can  be 
used  for  cooling  the  construction  of  the  aircraft.  And  then  the 
considerable  difficulties,  connected  with  the  application/use  of 
hydrogen,  will  be  to  some  degree  compensated. 


The  fact  is  that  liquid  hydrogen,  possessing  the  irrefutable 
advantage  before  the  kerosene;  energy  content  per  unit  weight 
approximately  2.5  times  more,  specific  heat  is  7  times  higher  (liquid 
hydrogen  -  distinct  coolant),  it  has  a  number  of  essential 
deficiency/lacks.  A  larger  def icieacy/lack  in  hydrogen  -  low  density 
in  the  liquid  state,  that  constitutes  0.1  of  density  of  kerosene; 
therefore  energy  content  per  unit  volume  in  hydrogen  is  approximately 
4  times  less.  Another  deficiency/lack  is  the  low  boiling  point  of 
liquid  hydrogen,  equal  to  -25i°C.  Therefore  flight  vehicles  with  this 
fuel/propellant  will  have  large  volumes,  moreover  fuel/propellant 
must  be  placed  in  the  cryogenic  tanks,  which  additionally  increase 
weight  and  volume  of  apparatus. 

The  comparison  of  the  characteristics  of  kerosene  and  hydrogen 
is  given  in  ^able  7.2. 

Differences  in  the  physical  and  thermodynamic  properties  of 
hydrogen  and  kerosene  have  great  effect  on  the  possible  compromise 
solutions,  which  connect  the  flight  characteristics  and  the 
construction  of  the  aircraft. 

The  arrangement/position  of  fuel/propellant  to  a  considerable 
extent  determines  the  overall  design  of  aircraft,  since  the  fuel 
reserve  on  contemporary  aircraft  can  reach  50o/c  and  more  from 


DOC  =  79052106  PAGE  & 

takeoff  weight  (on  11-62  value  C,.maX=0,51;  on  XB-70  -  ffT.max=0,57).  Is 
placed  fuel/propellant  in  special  fuel  tanks  which  are  divided  into 
basic,  expenditure  ones  and  balancing  ones  (depending  on 
designation/purpose  and  aircraft  type  expenditure  and  balancing  tanks 
in  fuel  system  can  and  net  be  provided  for) . 

According  to  structural/design  sign/criteria  fuel  tanks  are 
divided  into  three  types:  rigid,  soft  and  tank  compartments  of  the 
construction  of  the  aircraft-  The  major  advantage  of  soft  rubber 
tanks  lies  in  the  fact  that  they  allow  better  than  rigid  tanks,  to 
utilize  a  volume,  they  are  more  technologically  effective  and 
convenient  in  production  and  operation  (they  it  is  possible  to 
coagulate  and  to  install  through  handholes)  .  Flexible  tanks, 
furthermore,  they  do  net  fear  vibrations,  do  not  give  torn  edges  with 
the  leakage  (small  holes  even  are  involve/tightened  by  a  special 
layer  of  rubber) ,  they  possess  good  thermal  insulation  properties. 

The  advantage  of  rigid  tanks  xs  smaller  weight  in  comparison 
with  flexible  tanks  (together  with  containers) .  Rigid  tanks  are 
autonomous  from  the  construction  of  the  aircraft,  they  it  is  possible 
to  comparatively  easily  repair. 

Hermetically  sealed  tank  compartments  (tank- 


construction/design)  make  it  possible  to  most  rationally  utilize 
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internal  volumes  of  aircraft,  since  there  is  no  fuel  tank  as  such, 
and  fuel/propellant  fills  into  tne  section  of  wing  or  fuselage, 
covered  with  from  within  kerosene  resistant  (and  temperaturechange 
resisting)  sealing  compound.  The  application/use  of  tank  compartments 
makes  it  possible  to  increase  the  fuel  reserve  cn  board  aircraft. 
However,  tank  compartments  possess  the  increased  vulnerability,  which 
reduces  the  reliability  of  fuel  system,  it  is  difficult  to  repair 
them.  Fuel/propellant  in  tank  compartments  directly  undergoes  the 
effect  of  the  low  temperatures  in  flight  at  subsonic  speeds  and  high 
temperatures  in  flight  at  high  supersonic  speeds. 
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Table  7.2. 

v  l!> 

XapaKTepiicTHKa  Ton/iusa 

Uy 

KepocHH 

liinopon. 

cropanwa  b  KKa.i/nrc 
(SJTen/iojra  cropaiuia  b  KKaji/h 
((,)n/ioTHocTb  b  jkhakom  coctohiihh  b  rc/cM3 
pjyflejjbiiax  Ten/ioeMKOCTb,  b  KKaa/Krc-rpaa 
(sjTeMnepaTypa  K«neHHS  (npw  aaB/ieHHH  1  xrc/cM3) 
b  °C 

i 

10290 

8700 

0,833 

0,46 

+ 187 — (-237 

28700 

2  100 
0,0735 

2,7— 3,7 
-253 

Key:  (1).  Propellant  property.  (2).  Kerosene.  (3).  Hydrogen.  (4) . 

Heat  of  combustion  in  kcal/kg.  (5)  .  Heat-^  of  combustion  in  kcal/1. 
(6).  Density  in  the  liquid  state  in(r/cm3.  (7).  Specific  heat,  in 
kcal/kgf*deg.  (8).  Boiling  point  (at  pressure  1  kg/cm*)  in  °C. 

Page  141. 

One  of  the  basic  reguireaents  for  the  layout  of  fuel  tanks  on 
aircraft  is  the  guarantee  of  a  center-of-gravity  location  of  aircraft 
during  the  consumption  of  fuel/propellant  within  the  permissible 
limits.  If  aircraft  is  intended  for  a  prolonged  supersonic  flight, 
then  in  the  fuel  system  of  this  aircraft  for  decreasing  the  stability 
margin  can  be  provided  for  the  installation  of  the  special  balancing 
tanks  (tanks,  arrange/located  on  the  largest  possible 
removal/distance  in  front  and  from  behind  from  the  center  of  gravity 
of  aircraft);  by  the  pumping  over  of  fuel/propellant  from 
front/leading  balancing  tanks  into  rear  ones  it  is  possible  to 
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approach  the  center  of  gravity  focus  of  the  aircraft  (stability 
margin  can  be  decreased  also  by  the  forced  shift/shear  of  focus 
forward) .  If  aircraft  short-term  emerges  to  supersonic  speed,  then 
the  installation  of  the  system  of  the  decrease  of  the  reserve  of 
directional  stability  of  the  pumping  of  fuel/prcpellant  on  this 
aircraft,  obviously,  is  unsuitable. 


In  Fig.  7. 17  shown  typical  change  in  the  center-of-gravity 
location  and  focus  of  aircraft  in  dependence  on  the  speed  (or  time) 
of  flight. 


The  permissible  range  of  centering  is  held  in  flight  because  of 
the  symmetrical  arrangement  of  fuel  tanks  relative  to  the  center  of 
gravity  of  aircraft  and  specific  sequence  of  the  consumption  of 
fuel/propellant  of  them.  Can  arise  the  question:  it  is  not  possible 
whether  for  decreasing  value  mczu  to  ensure  this  system  of  the 
consumption  of  f uel/prcp exlant  so  that  the  center  of  gravity  at 
supersonic  speed  would  pass  established/installed  maximally  rear  with 
H<  1  position  (xT2)  and  it  did  approach  the  focus  of  aircraft,  for 
example  due  to  the  consumption  of  fuel/propellant  only  from 
front/leading  tanks?  However,  this  it  is  not  possible  to  make  on  two 
reasons:  first,  if  fuel/ propellant  from  front/leading  tanks  will  be 
developed  (but  not  to  be  pumped  over  into  rear  ones) ,  then  the  center 
of  gravity  will  be  shift/sheared  back/ago  very  slowly  and  effect  from 
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the  decrease  of  the  stability  margin  considerably  will  be  lowered;,  in 
the  second  place,  when  the  center  of  gravity  will  be  located  from 
behind  position  xn  and  through  any  reason  it  will  be  necessary  to 
rapidly  lower  speed  and  to  pass  to  subsonic  flight,  then  it  is 
necessary  to  also  rapidly  return  the  center  of  gravity  of  aircraft  to 
the  subsonic  position  {otherwise  aircraft  will  become  unstable) ,  but 
to  rapidly  return  the  center  of  gravity  to  subsonic  position  it  is 
possible  only  by  the  pumping  or  ruel/propellant  intc  front/leading 
tanks.  Therefore  the  system  of  tae  shift/shear  of  the  center  of 
gravity  of  aircraft  with  the  aid  of  the  pumping  over  of 
fuel/propellant  from  f rent/leading  balancing  tanks  into  rear  ones 
compulsorily  must  provide  the  rapid  reverse/inverse  pumping  of 
fuel/propellant  upon  transfer  from  supersonic  flight  to  subsonic.  On 
aircraft  "Concorde"  during  acceleration/dispersal  in  transonic 
conditions/mode  after  5  min  it  is  approximately  pumped  over  _  9200  '1/ 
of  fuel/propellant  of  four  front/leading  balancing  tanks  into  rear 
tank.  The  reverse/inverse  pumping  of  fuel/propellant  upon  transfer  to 
subsonic  flight  speed  is  conducted  still  more  rapidly  -  after  4  min. 

The  feed/supply  of  engines  by  fuel/propellant  it  is  possible  to 
accomplish  from  any  fuel  tanks,  out  most  frequently  for  this  are 
utilized  the  special  service  tanks,  into  which  in  the  determined 
order  is  pumped  over  the  fuei/propellant  from  basic  tanks. 
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Fig-  7-17.  A  typical  change  in  the  cent er-of-gravity  location  and 
aerodynamic  focus  of  aircraft  in  the  flight:  a  maximally 

front/leading  position  center  or  gravity;  x^-  a  maximally  rear 
position  center  of  gravity^  ,  -  permissible  range  cf  position  of 
center  of  gravity  in  aircraft,;  t*p  -  shift/shear  of  aerodynamic  focus 
upon  transfer  from  subsonic  to  supersonic  flighty  *t.kP-  possible 
position  center  of  gravity  in  supersonic  cruise  (after  the  pumping  cf 
fuel/propellant  from  f ront/ieading  balancing  tanks  into  rear  ones). 

Page  142. 

Fuel  system  with  service  tank  has  the  definite  advantages, 
especially  for  the  aircraft  of  the  military  designation/purpose:  it 
possesses  larger  reliability,  since  during  the  malfunction  of  basic 
tanks  in  reserve  remains  service  tank  (to  20o/o  of  entire 
fuel/propellant) whose  protection  can  be  provided  via  armoring^  one 
service  tank  (or  several)  to  more  easily  equip  with  special  devices 
for  uninterrupted  feed/supply  of  engine  during  accomplishing  cf  the 
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acrobatic  maneuvers,  etc. 

Fuel  tanks  can  be  placed  both  in  the  fuselage  and  in  the  wing  of 
aircraft.  Both  that  and  ether  layout  has  definite  advantages  and 
deficiency/lacks.  Therefore,  f or  some  aircraft  fuel/propellant  is 
placed  in  essence  in  wing,  for  others  -  in  fuselage.  King  fuel  tanks 
have  the  large  area  of  the  beaten  surface,  which  leads  to  the  smaller 
life  of  fuel  system.  This  is  a  basic  deficiency/lack  in  this 
arrangement  of  fuel  tanks.  However,  during  the  arrangeaent/position 
of  fuel/propellant  in  wing,  its  weight  unloads  wing  in  flight,  thanks 
to  which  is  obtained  the  specific  gain  in  the  weight  of  wing 
construction.  Furthermore,  during  the  arrangement/position  of 
fuel/ propellant  in  wing  fuselage  virtually  completely  can  be  engaged 
under  payload  which  has  large  value  first  of  all  for  passenger  and 
transport  aircraft.  Therefore  on  all  passenger,  transport  and  heavy 
military  aircraft  fuel  tanks  are  placed  mainly  in  wing  (Fig.  7.18). 

The  arrangement/pcsition  of  fuel/propellant  in  fuselage  can 
prove  to  be  more  advisable  for  military  aircraft  (especially 
low-flying).  Arrange/locating  fuel  tanks  in  the  fuselage  above  the 
center  section,  by  engine,  chassis/landing  gear,  etc.,  which  serve 
seemingly  protective  shield  from  the  antiaircraft  fire,  it  is 
possible  to  raise  the  life  of  aircraft. 
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Fig.  7.18.  The  arrange oent/position  of  fuel  tanks  on  supersonic 
passenger  aircraft  "Concorde1* ,  France  -  England:  1  j  2j  8  -  balancing 
tanks:  3;  7  -  service  tanks:  4,  5#  6,  9,  10  -  basic  tanks. 
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Page  143. 

Chapter  VIII. 

DETERMINATION  OF  THE  BASIC  PARAMETERS  OF  AIRCRAFT. 

In  present  chapter  is  given  determination  of  the  basic 
parameters  mainly  of  military  aircraft.  The  determination  of  the 
parameters  of  passenger  aircraft,  vertical-taking  off  and  aerospace 
aircraft  is  given  in  the  special  chapters  of  the  book. 

As  already  mentioned,  the  basic  parameters  of  aircraft  they  are: 

-  complete  (takeoff)  weight  G0j 

-  wing  area 

-  thrust  p0  or  power  N0  of  SU,  required  for  obtaining 
assigned/prescribed  fligbt-perf cruance  data. 


For  determining  these  parameters  on  the  initial  stage  of  the 


design  of  aircraft,  find  rne  relative  parameters  p0  and  P0. 
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§1.  Deter aination  of  the  value  of  the  specific  wing  load. 

In  Chapter  II,  was  shown,  that  the  value  of  the  specific  wing 
load  p0  substantially  affects  the  aircraft  performance  and  its 
takeoff  weight  G0.  In  particular,  the  assigned/prescribed  takeoff  and 
landing  characteristics  can  be  decisive  during  determination  p0«  The 
takeoff-and-landing  characteristics  of  aircraft  include: 

the  landing  speed 

^  not  A 

unstick  speed  with  the  takeoff 


approach  speed 

¥  CV3*t 

where  A,  B  and  C  -  the  constant  coefficients,  which  consider  air 
density  and  ground  effect  on  cy  aircraft; 

Pnoc  -  the  specific  wing  lead  during  landing^ 

cy not*.  Cjfotp-  lift  coefficients  which  correspond  to  the  landing  angle  of 
attack  and  to  angle  of  attack  with  the  breakaway  of  aircraft^ 
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*V»«-  lift  coefficient  at  the  angle  of  attack,  which  corresponds  to 
approach  speed. 

High  speed  Vnoc  leads  to  the  need  for  the  creation  of  large 
airfields  and  complicates  aircraft  handling  during  landing.  High 
speed  Votp  leads  to  an  increase  in  the  size/dimensions  of  airfield  or 
to  the  need  of  applying  the  takeoff  accelerators,  while  high  speed 
^aax  impedes  piloting  during  landing,  which  decreases  the  performing 
characteristics  of  the  design/projected  aircraft. 

Permissible  value  Kn0c  depends  on  the  designation/purpose  of 
aircraft  and  possibility  or  applying  on  it  of  the  landing  parachutes 
and  similar  to  them  braking  devices,  and  also  reverse-thrust  devices. 

In  the  first  approximation,  on  the  basis  of  the  statistical 
data,  published  abroad,  it  is  possible  to  accept  following  of  value 


for  the  military  aircraft  ...  180-250  km/h 


for  the  military  transport  aircraft  ...  120-150  km/h 
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for  the  trainer  and  sports  airplanes  ...  60-100  km/h. 

FOOTNOTE  l.  Maximum  value  KJ0C  is  limited  to  permissible  for  the 
earner a/chaabers  of  wheels  peripheral  speed  (•'■oe  less  than  400  km/h)  . 
ENDFOOTNOTE. 

Allowable  speed  V3ax  usually  is  determined  from  the  conditions  of 
flight  safety.  For  military  aircraft  it  is  possible  to  accept 
following  of  the  value: 

V3ax=200— 280 

Key:  (1).  ka/h. 
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It  is  usually  considered  that  speed  F3nx  must  exceed  the  speed  of 
disruption/separation,  which  corresponds  to  20-30o/o,  i.e. 


^ y  *ax- 


_  y  max 


<1 ,2  -t-  1,3)2  CV  max- 


In  the  first  approximation,  value  p0  should  be  selected  in  accordance 

e  or 

wit hA  velocity  Vnoc  or  y3ax. 


Since  the  expendable  in  fliyht  load  (fuel/propellant, 
jettisucable  loads,  etc.)  composes  25-60o/o  of  takeoff  weight  and, 
therefore,  aircraft  up  to  the  toryue/moaent  of  landing  proves  to  be 
considerably  facilitated,  then  is  expedient  the  value  of  specific 
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load  Pnoc.>  determined  by  the  weight  of  aircraft  at  the  moment  of 
landing#  to  connect  with  Vnoc  and  V»»x.  Taking  intc  account  this,  it  is 
possible  to  use  for  determining  value  pa  the  following  formulas: 

„  _  «!/ noc^noe 

h— - z — r — ,  (8.11 

180  (1  —  0,8Gr  —  Gq.t)  V  ’ 

„  CU 

°r  °~  208(l-0,8GT~Gc.r)  ’  .  (8‘2) 


where  Qr  -  the  over-all  payload  ratio  of  fuel/propellant  ( 0-,—OJOq)-, 


00.r  “  the  over-all  payload  ratio  of  jettisonable  loads  (Qe.r= 0c.r/Go)- 


In  the  absence  on  the  initial  stage  of  the  design  of  blowoff 
data,  it  is  possible  tc  use  following  approximate  values  cv noc: 


-  for  the  straight  wings  witn  powerf ul/thick 
me chan ization/high- lift  device  (slat  and  double-slotted  extension 
flap)  Cynoo"*  2,2—2$; 


-  for  sweptback  wings  (x*^— 35°)  with  powerful/thick 
mechanization/high-lift  device  fynoo=  1, 8—2,0; 


-  for  sweptback  wings  (x=*40— 45®). with  lovable  double-slotted  flaps 
and  slats  £ynoc5r  1>  5 — 1,8; 
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-  for  delta  wings  (Xh.k=55— 60°)  with  powerful/thick 
mechanization/high-lift  device  Cynoc—  1»0 — 1,2. 

The  necessary  value  of  specific  load  p0  in  the  majority  of  the 
cases  is  determined  fron  landing  conditions.  At  the  same  time  one 
should  check,  how  obtained  a  value  p0  provides  other 
assigned/prescribed  flight  characteristics.  If,  for  example,  is 
assign/prescribed  a  cruising  speed  or  number  at 

height/altitude  Hwoic  (Axpejic),  then 

/?„=  3960M?piaeAKp*»c  |/ ■—-  Krc/Ms,  .  (8.3') 

Key:  (1).  kgf/m*. 

where 

cxe  =  CxpkQ~\~cx$  -- ;  (8.3) 

:  ^=:i,35 ;  • 

Taking  into  account  (8.3*)  formula  (8.3)  is  reduced  to  quadratic 
equation  relative  to  p0.  During  the  solution  is  taken  real  root 
(  +  Po) 

Page  145. 

Are  given  below  the  exemplary/approximate  statistical  values  of 
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specific  loads  p0  on  the  wing: 

the  fighters  of  the  normal  diagram  ...  400-600  kgf/m2; 

the  fighters  of  the  tailless  diagram  ...  250-300  kgf/m2; 

bombers  average/mean  ...  350-550  kgf/m2; 

bombers  heavy  ...  550-650  kgf/m2; 

military  transport  aircraft  with  TRD  heavy  ...  500-650  kgf/m2; 

the  lungs  the  transport,  sport  and  trainer  aircraft  ... 

150-180  kgf/m2; 

academic,  transfer  (with  TRD}  ...  100-150  kgf/m2; 

aircraft  for  •  •'  agriculture  ...  80-120  kgf/m2. 

§2.  Determination  of  the  required  thrust-weight  ratio  of  aircraft. 

During  design  the  required  thrust-weight  ratio  of  aircraft 
P0=Po/Go  is  determined  usually  from  the  guarantee  of  the 
assigned/prescribed  conditions: 
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-  speed  (Mach  number)  of  flight  at  rated  altitude  H pacni 


-  the  takeoff  run  length  or  accelerate-stop  distance^ 

-  acceleration/dispersal  for  the  specific  time  from  the  speed, 
which  corresponds  to  number  M<1  to  the  speed,  which  corresponds  to 
number  MP,C,>1,  and  also  from  other  conditions. 

As  calculated  thrust-weight  ratio  is  considered  great  from  these 
conditions  value 


At  assigned  magnitudes  H>\\  km  and  selected  value  p0  the 

required  thrust-weight  ratio 


where 


#  iPo  ’ 


cx  —  Cx„  -j-  Da  ■ 


Po 


294-  105A1^gcM42  ’ 

►  P  ft) 

5==  pj-  (CM-  CTp.  28); 


(8.4) 

(8.5) 


Key:  (1)..  (seePage  28). 

A  -  relative  density  ox  air  on  to  base  altitude  H. 


flggsssEsaaai 
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If  is  known  cruising  number  Mkp*«c  at  height/altitude  //npe#c>ll  km. 


then  the  starting  required  thrust-weight  ra^ic 

s  _ 

•  s — •  <*■«> 

while  value  Hmtlc  can  be  found  froa  A 


AKptAe 


_  1,761 fDoe^ 


tPa 


(8.7) 


For  the  aircraft,  intended  fox  low  altitudes,  starting 


thrust-weight  ratio  is  determined  iron  following  the  formula: 


where  c*—  C*.  +  A> 


pI 


_  7200M \x 

Po  -  —7 . . 

?A) 


(8.8) 


525-  10®M4  * 


(Mach  number  assign/prescribed) 


Page  146. 


Froa  the  condition  of  guaranteeing  the  assigned/prescribed 
takeoff  run  length,  starting  thrust-weight  ratio  is  equal  to 


Po 


on-Po^-r«3f. 


0,033, 


(8.9) 


where  ^otP= I,i — if2  -  for  the  supersonic  aircraft  of  normal  diagram 
with  the  wing  of  moderate  swoepback  (35-45°) j 


otp =0,65—0,67  “  for  the  aircraft  of  diagram  "bobtailed  aircraft"  with 
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delta  wingj 

c» otP=  1,8-2-  for  military  transport  subsonic  aircraft,  and  also  light 
multipurpose  aircraft^ 

fwai  — ■  rolling  friction  coefficient  of  wheels  (with  takeoff  with 
concrete  runway  /Kai=0,03;  with  takeoff  from  unpaved  airfield  ^=0,1). 


From  safety  condition  takeoff  (after  breakaway)  with  one  failed 
engine  (n;(U^2) 

p°=lziKtL+sin#]-  (s-w) 


Here  0  -  smallest  permissible  climb  angle 

(sin  8  =  0,024— j&ik  «a,—  2;  sin  0=0,027— nM= 3; 


Key:  (1)  .  for. 


sin  8=0,03  —  jmk  «„=4). 


For  the  majority  of  the  types  of  supersonic  aircraft  (except 
VTOL  aircraft  and  ST0L)  starting  thrust- weight  ratio  can  be 
determined  by  following  the  formula: 


(0,95  0T-p,cx)  (//„ peflc  +  ^KpcBcA^)  ^KpeAcgp.Kpeflc  j  ^g 

‘^KptdcTaiGT.pacx 


H) 


where  ^peae  *  aerodynamic  aircraft  quality/f ineness  ratio  at 
cruising  speedy 
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G  i.pacx  —  Or.  pacx/Ot  -  the  over-all  payload  ratio  of  the  f uel/propellant, 
spent  for  the  time  of  entire  flighty 

Muotfic initial  cruising  height^aj 

V*pe«c-  cruising  speed  in  m/s^ 

Cp.xpeRc  —  specific  hourly  consumption  of  fuel/propellant  in  cruise  in 
kgf/kgf «h^ 

"VaB-  starting  weight  per  horsepower. 

The  values  of  dimensionless  coefficient  e  and  value  /C,tpe«c 

depending  on  the  cruising  Mach  number  are  taken  from  of  following 

tabled' 

J 


^KpCflC 

2-3,5 

6,0 

9,0 

£ 

2700 

3500 

4700 

^upeBc 

6-9* 

5-7 

4-6 

FOOTNOTE. 1  Smaller  values  pttc  are  characteristic  for  the  aircraft  of 
small  flying  range,  large  -  for  the  aircraft  cf  large  distance. 
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ENDFOOTNOTE. 

FOOTNOTE  *.  V.  F.  Mishin.  Selection  of  engine  in  the  period  of  the 
preliminary  development  of  aircraft.  Publ.  MAI,  1968.  ENDFOOTNOTE. 

§3.  Determination  of  fall  of  (takeoff)  weight  aircraft. 

Determination  of  the  takeoff  weight  of  aircraft  -  one  of  the 
basic  tasks  during  the  first  stage  of  design.  The  degree  of  accuracy 
with  which  is  determined  G02,  has  special  importance,  since  this 
value  affects  basic  flight- performance  data  of  aircraft. 

FOOTNOTE  2.  Here  has  in  mind  the  approximate  determination  G„. 
ENDFOOTNOTE. 

First  of  all  it  is  uecessary  to  keep  in  mind  that  the  wing  area 
S  is  determined  on  the  basis  of  the  selected  for  the  design/projected 
aircraft  value  of  specific  load  p0J  therefore  examining  effect  on  the 
flight  characteristics  cf  gross  weight  G0,  it  is  necessary  to  accept 
always  p0=const. 

Page  147. 


The  overestimate  of  the  takeoff  weight  of  the  desiaa/pro jected 
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or  constructed  aircraft  always  makes  its  flight  characteristics 
worse.  Calculation  shows,  fox  example,  that  during  a  gain  in  weight 
G0  by  lOo/o  number  Mmax  it  descends  at  supersonic  speeds  by 
approximately  12o/o.  The  overestimate  of  weight  G0  can  be  obtained 
either  in  the  initial  stage  of  design  -  during  the  determination  of 
gross  weight,  or  in  design  -  construction/design.  If  the  overestimate 
of  weight  was  obtained  cnly  as  a  result  of  the  weight  increase  of 
construction/design,  then  with  invariability  G0  will  increase, 

G-r,  Gc.y  and  thrust-weight  ratio  P0  decrease  and  flight 
characteristics  will  deteriorate- 

As  is  known,  gross  weight  of  aircraft  encompasses  empty  weight 
GnycT  and  weight  of  full  load  G„.  In  turn,  empty  weic  •-  ^nycr  includes 
in  itself  the  weight  of  the  structure  of  aircraft  GK,  tne  weight  of 
power  plantGc.y,  the  weight  of  equipment  and  control  G0o.ynp-  The  weight 
of  full  load  Gu  consists  of  the  fuel  load  of  payload  weight  Gh.h.  by 
representing  by  itself  the  weight  of  the  various  kinds  of  loads, 
passengers  and  weight  of  official  load  Gc nym  (crew  and  equipment) 

(Fig.  8.1).  Thus, 

G0  —  Qay CT  +G„  =  Ok  +  Gc.y  -f  Oo6.ynp+  +  °rt-H  +  Gc.iyw 

The  determination  cf  gross  weight  becomes  complicated  by  the 
fact  that  some  of  its  term/component/addends  are  the  functions  of  the 
weight  itself  G0,  furthermore,  determination  Gc.y  and  Gt  directly  at 
the  very  beginning  of  design  is  impossible,  since  for  this  it  is 




-  ■  ’■  1'^'  '^.i?-  '•_ . 


DOC  =  79052106 


PAGE  3$7 


necessary  to  know  the  value  of  weight  G0, 


B  1 
?..  -' ! 

p?;  j 
:: .;'  '?■} 

%'i  '  • 


For  determining  the  weight  of  the  structure  of  aircraft  G„  it  is 
also  necessary  to  know  g0,  since  the  sufficiently  precision 
determination  of  the  weight  of  structure  G*  possibly  if  and  only  if 
are  known  the  basic  dimensions  of  aircraft;  size/dimensions  can  be 
determined  only  on  the  basis  of  weight  G0.  Iherefore  in  the  first 
approximation,  gross  weight  is  best  to  determine  from  the  eguation  of 


the  over-all  payload  ratios: 


0,+0..,+G,+^-r=l, 

where  Gc.t.r*=Go«.ynp+Grt.,i4-Gc/iy*'  “  the  SUU1»  determined  sufficiently 
accurately  on  the  basis  of  the  lists  of  equipment,  catalogs  and  data 
of  statistics,  moreover  Gn.K  and  Gcnym  -  are  assigned j  Gc.y  and  UT  are 
determined  from  formulas.  Determination  UK  is  possible  only  when  in 
the  first  approximation,  gross  weight  of  aircraft  is  known. 
Calculation  is  conducted  as  follows. 
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Fig.  8.1.  Layout  chart  gross  weight  aircraft  G0  to  components. 


Key:  (1).  The  takeoff  weight  of  aircraft.  (2).  Empty  weight.  (3). 

Full  load.  (4) .  Construction  of  aircraft.  (5)  •  Equipment  and  control. 
(6).  Equipment  and  duty  load.  (7)  .  Useful  (purposeful)  load.  (8). 
Power  plant.  (9) .  Fuel/propellant.  (10) .  leight  of  empty  equipped 
aircraft. 


Page  148. 

According  to  formulas  (2.21)  and  (2.23)  they  determine  gc.y  and  GT, 
then  by  formula  (2.26) ^  (2. 26')  or  (2.26**),  after  assigning  the 
probable  value  gross  weight  aircraft  G0'  (utilizing  statistics),  is 
found  the  value  of  the  ovsr-all  payload  ratio  of  construction/design 
in  the  first  approximation,  C*.  Since  weight  Gc.a.P  is  known,  they 
obtain  Gc.8.i/Go;  and  is  fouud  toe  sum 


GK  *h  Gc.y  4*  Gj  4*  GCtSrr  —  HQ' , 
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which  will  be  more  or  lesser  than  unity  (or  it  is  equal  to  unity) .  If 
sum  will  be  equal  to  unity,  then  G0*  will  be  the  first  apprcxination 
of  the  unknown  value  gross  weight  aircraft.  If  sub  is  not  equal  to 
unity,  they  are  assigned  by  the  second  value  cf  gross  weight  G0**, 
they  find  J*  and  Oe.».rlPo  and  they  compute  sub  p*4-Gc.y  +  GT+Ge.».r/0o=£G'f- 
Further  is  constructed  dependence  G0=f(2&)  (Pig.  8.2),  will  be 
deposited  points  with  coordinates  Go,  EG'.  Go,  EG"  and  is  carried  out 
through  these  points  smccxh  curve.  Intersection  of  curve  with 
axle/axis  G0  gives  the  value  gross  weight  aircraft  in  the  first 
approximation.  Go1. 

For  determination. 5c.t  it  is  necessary  to  know  the  required 

thrust-weight  ratio  P0  and  specific  gravity/weight  of  SU.  The 

required  thrust-weight  ratio  P0  is  defined  in  the  manner  that  it  was 

indicated  above.  Specific  gravity/weight  of  the  power  plant  r0  can  be 

determined  for  TRD  by  the  formula 

r*=T,.+iT«.  (8-12) 

where  ATr,„=<pGT/?’0  (?=0,09  for  siall  aircraft  with  fuselage  tanks;  *=0.13 
for  large  aircraft  with  wing  tanks)  j 

St  and  P„  are  taken  according  to  statistics  or  given  above 


calculation^ 
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Y«»-  weight  per  horsepower  can  he  accepted  according  to  static  data 
(Ya*“0,16 — 0,20), 

The  over-all  paylcad  ratio  of  fuel/propellant  is  determined 
in  accordance  with  the  fact,  is  assign/prescribed  duration  of  flight 
t*  or  distance  -  according  to  formulas  (2.22)  or  (2.23)  and 
(2. 23’).  The  entering  the  formulas  coefficients  €  and  ’ft  are 
determined  from  the  appropriate  curve/graphs.  Coefficients 
depending  on  speed  can  be  undertaken  from  the  testing  of  model  in 
wind  tunnel  of  similar  to  that  design/projected  aircraft  or  is 
calculated  from  the  approximation  formulas.  Coefficient  cx  is  equal 
to  Ct—Cx'+DaPo/q*.  For  aircraft  with  piston  and  turboprop  engines,  the 
over-all  payload  ratio  of  fuel/ propellant  is  determined  from  formula 
(2.23")  . 

Frequently  the  engine  for  tne  design/projected  aircraft  is 
assign/prescribed.  Then  in  the  beginning  of  design  are  accurately 
known  Ya»>  c*,,  to  function  5=fi(M)  and  task  is  reduced  to 

check  by  calculation  in  the  first  approximation,  will  be  carried  out 
requirements  for  flight  characteristics.  If  during  the  design  of 
aircraft  is  not  assign/prescribed  concrete/specific/actual  engine, 
then  it  is  necessary  tc  make  selection  from  several 

adequate/approachiag.  For  the  solution  in  the  first  approximation,  of 
a  question  of  the  satisfaction  cf  requirements  concerning  Mm*x  are 
constructed  the  plotted  functions  C*(M)  and  cp( M), 
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Fig.  8.2.  Graphic  method  of  determining  gross  weight  aircraft  G0 
daring  sketch  design. 

Page  149. 

Thrust  coefficient  op  is  determined  from  the  formula 

P~  flSr 

where  Pm-  an  engine  thrust  at  rated  altitude  H  with 
assigned/prescribed  flight  mach  number; 

/»„-  quantity  engine; 

G* o  -  gross  weight  of  aircraft  in  the  first  approximation^ 

g  -  velocity  head. 


Through  the  characteristics  of  the  selected  engine#  is  found  the 
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weight  of  power  plant  Gc.y=Poinanr0(Poi  -  the  boost  for  launching  of 
engine)  and  fuel  load 

O, = ol  (  +  «  ) . 

where  -  specific  fuel  consumption  per  //KpeRc  and  M.(peftC,  Cxo  and  D0  - 

for  /Act**  and  Mk^ac  (See  Chapter  II). 


The  value  of  number  MKP.*c  is  determined  graphically  by 

construction  in  coordinates  and  M*ct  curved  MKP«flc>  computed  from 

*  _  ‘ 1/ 

formula  Mitp«>t=0,012 1/  ?.oltv>Po*  t  and  ray/beam  frcm  the  origin  of 

*  °ocr, 

coordinates  at  angle  of  45°  to  the  axle/axes  (see  Fig.  2.17).  By  the 
intersection  with  curve  anu  ray/beam  will  be  determined  value  M«i*«e 
at  cruising  altitude  ^xP*flc.  to  which  it  will  correspond 


Akp*»c  —  Aa, 


\,1Wtyexpo 


where  Poil  -  thrust  of  selected  engine  on  Mxpenc  the  engine 
characteristic  for  H=0  (coefficient  S  calculates  a  change  in  the 
thrust  on  the  basis  of  speed,  and  also  thrust  losses  of  input  devices 
of  SO  with  M>  1)  • 


After  refining  values  Gc.y,  Gr  and  is  determined  gross  weight 
in  the  second  approach/approxiaation 


.oil  ^c.s.r  +  ^c.y  +  <7t 
(Jo  - - - — 


l -a„ 


(8.13) 
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Then  is  found  value  s=Oo/p0. 

Knowing  S,  they  begin  the  layout  of  aircraft,  they  select  and 
more  precisely  formulate  all  size/dimensions  and  parameters  of 
aircraft  components,  they  develcp/process  and  more  precisely 
formulate  its  general  view  and  is  calculated  the  weight  of  the 
structure  of  aircraft  components,  utilizing  fcr  this  weight  formulas 
(for  a  wing,  a  fuselage,  tail  assembly,  chassis/landing  gear,  etc.) . 
After  this  is  determined  gross  weight  in  the  third 
approach/approximation: 

Go  1  =  Qc.i.r  -t*0c.y4'0T  +  Ok- 

they  further  compose  the  combined  weight  (see  Appendix  I). 


I 

•I 
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Page  189. 

Chapter  XI. 

SPECIAL  FEATURES  OF  THE  DESIGN  OF  AEROSPACE  AIRCRAFT. 

The  continuous  increase  in  the  space  flights  sharply  raises  the 
question  of  the  cost/value  of  delivery/procurement  in  space  of  the 
payload  by  rocket  systems.  This  leads  to  the  search  of  the 
fundamentally  new  systems  which  would  make  it  possible  to  obtain  the 
economically  feasible  ccst/value  of  f lights .jpuch  system  is  the 
aerospace  aircraft  (VKS).  Besides  the  delivery/procurement  of  people 
and  loads  from  the  Earth  to  orbital  stations  and  back,  VKS  will  be 
necessary  for  servicing  of  scientific  space  labcrator iesf  for  the 
assembly  of  interplanetary  space  vehicles  or  for  their  discharging 
after  return  to  the  earth's  orbit  and  so  forth  [38], 

In  order  to  fulfill  assigned  missions,  the  aerospace  aircraft 
must  satisfy  the  following  basic  requirements. 

1.  VKS  must  be  by  repeatedly  utilized  flight  vehicle. 



1?" 


Pt  ' 
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2.  VKS  must  derive/conclude  payload  in  orbit  with  a 
height/altitude  of  H=150-5Q0  km. 


3.  VKS  must  possess  good  maneuverability  in  the  atmosphere  for 
liquidation  of  possible  parallax  of  orbit  (after  start)  and  for 
accomplishing  landing  on  assigned/prescribed  airfield  (as  usual 
aircraft)  . 


4.  VKS  must  possess  sufficient  maneuverability  in  space  in  order 
to  complete  orbital  rendezvous  and  accomplish  mating  with  given 
object. 


The  use  of  an  aerodynamic  lift  will  make  it  possible  to 
substantially  lower  g-fcrces  and  to  select  glide  path,  suitable  with 
regard  to  aerodynamic  heating-  Calculations  show,  that  i«wen  with 
hypersonic  aerodynamic  aircraft  guality/fineness  ratio  Kr~ 0,5—1 
deorbit  it  is  possible  to  carry  out  with  g-force  less  than  2,  in  this 
case,  it  will  not  be  required  the  special  orientation  of  crew 
relative  to  the  vector  of  g-force  and  substantially  will  be  lowered 
heat  transfer  rate  in  comparison  with  ballistic  entry. 


The  problem  of  the  guarantee  of  landing  of  VKS  in  the  assigned 
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place  of  the  Earth  will  be  reduced  to  the  guarantee  of  the  necessary 
lateral  distance  in  hypersonic  gliding/planning,  since  the  guarantee 
of  longitudinal  distance  will,  not  apparently  cause  complications. 

§1.  Special  feature/peculiarities  of  the  flight  of  the  aerospace 
aircraft. 

For  the  aerospace  aircraft  there  is  a  specific  region  of 
possible  flights  in  the  atmosphere  and  in  space.  Upper  boundary  of 
flights  in  the  atmosphere  for  VKS  as  winged  flight  vehicle  is 
determined  by  the  combined  action  of  the  force  cf  gravity, 
aerodynamic  force  and  centrifugal  force,  caused  by  the  spherical 
surface  of  the  Earth.  Lower  boundary  of  flights  is  determined  by 
structural  strength  and  by  permissible  temperature  of  aerodynamic 
heating  (Fig.  11.1). 

The  lower  boundary  cf  the  region  of  flights  is 
common/general/tctal  for  all  winged  flight  vehicles.  Upper  boundary 
of  the  region  depends  cn  the  special  feature/peculiarities  of  diagram 
(from  the  value  of  the  specific  wing  load  and  the  coefficient  of 
aerodynamic  lift) . 


Page  190. 
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To  determine  upper  boundary  of  flights  of  VKS  in  the  atmosphere 
is  possible,  examining  the  conditions  for  level  flight 
(gliding/planning)  at  given  height/altitude.  In  level  flight,  as  is 
known,  the  weight  of  winged  flight  vehicle  is  balanced  by  two  forces 
-  aerodynamic  lift  and  centrifugal  force,  which  appears  as  a  result 
of  moving  the  apparatus  along  curved  path  relative  to  the  center  of 
the  Earth, 

0=r-i-P„.  -  "  (11.1) 

This  equality  will  determine  upper  boundary  of  flights  of  VKS. 

Expression  for  aerodynamic  lift  is  widely-known 

Y  =  cuS^. 

Expression  for  centrifugal  force  in  level  flight  it  is  possible 
to  write  thus: 

p  _ g(^r.n  i:  V«  t  cos  cl? 

g(R  +  fi)  *  (H-2) 

where  Vr.n—  a  speed  of  level  flight; 

Vb.3—  speed  of  rotation  of  the  Earth; 

*  -  angle  of  the  slope  of  the  plane  of  flight  (orbit)  to 
equatorial  plane  (orbit  inclination) ; 

H  -  flight  altitude  above  the  surface  of  the  Earth  (above  sea 
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Fig.  11.1.  The  region  of  possible  flights  of  VKS  (I  -  region  of  the 
flights  of  contemporary  aircraft;  II  -  region  of  the  flights  cf 
hypersonic  aircraft);  1  —  one  or  the  possible  ballistic  trajectories 
of  output/yield  of  VKS  into  space  (with  start  from  hypersonic  carrier 
aircraft)  ;  2  -  synchronous  omit  (rotating  around  the  Earth  on  this 
orbit,  flight  vehicle  will  constantly  remain  above  one  point  of 
equator)  op6 —  minimum  speed  at  which  VKS  can  accomplish  flight  in 
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space,  moving  over  circular  or  elliptic  orbit;  ^1K  -  orbital  velocity 
(circular) ;  escape  velocity  (parabolic)  ]. 

Key;  (1).  Inadmissible  increase  of  construction/design  temperature. 
(2).  kgf/m2.  (3).  km/s. 

Page  191. 

For  flight  altitudes  where  the  aerodynamic  force  still  has 
essential  value  (H<100  km),  expression  for  centrifugal  force  with  a 

sufficient  degree  of  accuracy  it  is  possible  to  write  thus; 

p  —  a(vr.»  +  460 cos  y)2  ,,,  m 

“  fi9.  106  '  '* 

Here  Vr.nB  m/s. 

In  flight  of  usual  aircraft  (V<1  km/s)  on  centrifugal  force  it 
is  possible  to  disregard  (Fig.  11.2).  On  leaving  into  space,  it  is 
necessary  to  consider  not  oniy  centrifugal  force,  but  also  angle  of 
orbit  <t>.  If  orbit  considerably  differs  from  polar,  then  to  launch 
flight  vehicle  is  more  favorable  toward  the  diurnal  rotation  of  the 
Earth.  The  possible  angle  of  the  orbit  inclination  to  eguatorial 
plane  with  start  from  any  point  of  the  Earth  will  be  found  in  the 
range 

Tmcct  90°, 


where  <j>MCct-  a  local  angle  of  the  latitude  (northern  or  southern)  of 
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launching  point. 

Solving  equation  (11.1)  relative  to  value  p,  we  determine  the 
value  of  mass  air  density,  and  consequently,  let  us  find  the 
necessary  height/altitude,  on  which  at  given  speed  is  feasible  the 
level  flight 

_ p_  62-  1Q€  —  (Fr.„  ±  460  cos'?)2 

C V  3M0V*„ 

(11.4) 

where  p=G/S  -  specific  load  on  lifting  surface. 

Expression  (11.4)  determines  so-called  equilibrium  height  of 
flight. 

Figures  11.3  show  the  effect  of  speed  (but  for  value  p!cv=  1000 
and  angle  of  orbit  inclination)  to  the  upper  boundary  of  the  region 
of  flights  of  VKS. 

In  flight  in  space,  the  aerospace  aircraft  becomes  artificial 
Earth  satellite.  The  motions  of  any  celestial  bodies  (including 
artificial)  are  realize/accomplished,  as  is  known,  according  to  the 
laws  of  celestial  mechanics  at  basis  of  which  lie/rests  the  law  of 
universal  gravitation  of  Newton.  Therefore  the  region  of  the  steady 
flights  of  VKS  in  space  will  not  have  vital  differences  from  a 

similar  region  of  flights  of  contemporary  artificial  Earth 

satellites. 
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Fig.  11.2.  The  dependence  o £  relation  pjg  on  the  speed  of  the  level 
flight:  1  -  flight  in  equatorial  plane  toward  the  diurnal  rotation  of 
the  Earth  (*=0) ;  2  -  flight  in  the  plane  of  the  poles  of  the  Earth 
(*=90°) ;  3  -  flight  in  equatorial  plane  to  opposite  froa  the  rotation 
of  the  Earth  side  (*=0) . 


Key:  (1) .  km/s. 
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Flight  trajectories  of  VKS 
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The  motion  of  the  aerospace  aircraft  is  in  general  described  by 
the  system  of  six  differential  equations  three  of  which  reflect  the 
condition  of  equilibrium  of  forces  in  projections  on  the  axle/axis  of 
inertial  coordinate  system,  and  three  -  moment  condition  of 
equilibrium  relative  tc  these  axle/axes 

in  —  Vi ^ m [^jf~  +  Vx<»z — V>.t ^  =  K; 

+  Vy*x  -  V>„) = Z;  Jx^-\  Ux  ~  Ju)  V; = Mx; 

Jy^-YVx-Jx^x-M^  J  ±i-+(Jv~Jx)wx<yl/=MI, 

at 

where  X,  T  and  Z  -  projection  of  ail  external  forces  (including 
reaction  force)  to  the  appropriate  coordinate  axes; 

Mx,  Mu  and  Mz—  moments  of  external  and  reaction  forces  relative  to 
the  coordinate  axes. 

Since  the  mass  and  the  moments  of  inertia  cf  VKS  in  the  course 
of  time  change,  then  during  the  solution  of  equations  of  notion  it  is 
necessary  to  accept 

m—m{t);  JX—JXU)>  Jx—Jiit)- 

To  solve  the  system  of  eguations  of  motion  indicated  is 
possible,  if  we  present  in  the  expanded/scanned  form  of  the 
expression  of  the  projections  of  external  forces  and  torgue/moments, 
entering  the  right  sides  of  the  equations. 
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Fig.  -.3,  Dependence  of  upper  boundary  of  flights  of  VKS  on  speed 
Key:  (1)  .  km/s. 
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On  flight  vehicle  act  the  following  externr.  1  forces: 

-  mass  external  forces,  caused  by  the  attraction  of  the  Earth 


sun  and  moon; 
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-  aerodynamic  forces  (in  flight  in  the  sufficiently  dense  layers 
of  the  atmosphere) ; 

-  thrust  of  engine  (in  its  work) . 

During  the  detailed  analysis  of  the  dynamics  of  flight  of  VKS 
(for  example,  during  navigational  calculations)  in  resolving 
differential  equations  of  motion  it  is  necessary  to  consider  all 
external  forces,  which  act  on  flight  vehicle.  However,  in  the  period 
of  preliminary  design  of  VKS  (when  selecting  cx  the  diagram  and  basic 
parameters)  it  is  possible  to  introduce  the  row/series  of  the 
assumptions  which  will  make  it  possible  to  considerably  simplify  the 
system  of  equations  of  motion.  For  example,  if  we  do  not  examine  the 
interplanetary  flight  cf  venicle,  then  it  is  possible  to  be 
restricted  to  the  account  only  of  the  mass  attracting  force  of  the 
Earth. 


Considering  flight  of  VKS  in  vertical  plane  as  the  point  of 
variable  mass,  we  disregard  the  expenditure  of  fuel/propellant  for 
balance  and  for  the  compensation  for  the  random  moments  of  roll  and 
yaw  in  the  process  of  injection  into  orbit.  In  this  case  are 
considered  following  forces:  G,  1,  X,  P,  moreover  the  thrust  of 
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engine  P  they  in  general  accept  that  directed  along  its  axle/axis  and 
sloped  toward  the  axle/axis  of  aircraft  (to  wing  chord)  at  angle 
(Pig.  11.4). 

At  high  velocities  of  flight  (see  Pig.  11.2)  it  is  necessary  to 
also  consider  centrifugal  force 

Besides  the  enumerated  forces,  to  flight  vehicle  will  act 
Coriolis's  force,  caused  hy  the  diurnal  rotation  of  the  Earth.  lith 
V~~3  km/s  this  force  is  approximately  0.02  G,  while  when  V=V,m  it 
reaches  ~10o/o  of  gravitational  force.  Coriolis's  force  depends  on 
the  place  of  start  and  heading  and  it  must  be  considered  during 
navigational  calculations.  For  the  proximate  analysis  of  motion  of 
VKS  by  Coriolis's  forces,  it  is  possible  to  disregard. 

Design/projecting  the  rorces,  which  act  on  VKS,  on  the  axle/axis 
of  the  high-speed/velocity  coordinate  system  and  adding  to  the 
obtained  equations  of  motion  kinematic  constraints 

(communication/connect icn  of  change  in  altitude  and  flying  range  with 
speed  and  flight  path  angle) ,  we  will  obtain  the  necessary  system  of 
differential  equations,  which  makes  it  possible  to  determine  the 
basic  parameters  of  the  trajectory; 


DOC  = 


where  o 
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dV  __ 

TP  cos  (a  +  •!.)  —  X  sin0-| 

(11-5) 

dt 

L  o  r 

r 

GV^COS  6  1 

rfn  _ 

P  sin  (a  +  i  +  ?  +  alD  •  n\ 

g(R-rfi).  n 

57,. v 

f 1 1.61 

ut  ~ 

L 

G  J 

l-  ’ 

dH\dt  —  V  sin  0; 

(11.7) 

dLjdt  —  V  cosO, 

(11.8) 

-  angle  of  attack;  6  -  fxight  path  angle  to  the  local 


horizon 
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Fig.  11.4.  Forces,  which  act  on  VKS  in  flight  in  vertical  plane. 

Key:  (1).  Axle/axis  of  VKS.  (2).  Flight  trajectory.  (3).  Local 
horizon. 

Page  194. 

This  system  of  equations  can  he  solved  by  numerical  integration 
with  use  the  computers  (during  diploma  design  it  is  possible  to  use 
usual  slide  rule) . 

For  the  definition  of  the  parameters  of  trajectory  of  VKS  at 
return  from  space  entire  phase  of  flight  can  be  considered  as 
equilibrium  gliding/planning,  in  this  case,  are  valid  following  of 
the  assumption: 


P  =  0;  sin  0^0=0;  cosO--=l;  0  =  const. 
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Motion  of  VKS  in  the  section  of  gliding/planning  will  be 
described  by  equations  (11.1)  and  (11.5).  The  latter  will  take  the 


fora 


dV  X 

dt  G  g' 


(11.9) 


From  (11.9)  it  follows 


,  _ G  (*  dV 

"A~T  J 


(11.10) 


where  a  speed  at  the  initial  moment  of  gliding/planning  (when 


Solving  together  equations  (11.1)  and  (11.10),  we  will  obtain 
expression  for  determining  the  time  of  the  gliding/planning 

i  is  R  +  H  1„  (V^H.m  +  VjkICFk.,,,,  — V|k)  mi  in 

where  Kr=cy/cx~ •  hypersonic  lift-drag  ratio  of  VKS; 


V'nc-  orbital  velocity; 


V'iui.t—  speed  at  the  end  of  gliding. 


In  order  to  pass  from  orbital  flight  to  the  conditions/mode  of 
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equilibrium  gliding/planning,  it  is  necessary  to  apply  the  retro 
impulse,  which  ensures 

AVT=30  — 70  m/c.  ' 

Key:  (1).  m/s. 

The  speed  in  the  beginning  of  gliding/planning  will  be  equal  to 

^=^tK“AKT. 

The  conditions/mode  of  equilibrium  gliding/planning  begins  at 
height/altitude  H=90-100  km  {see  Fig.  11.3).  for  precomputations, 
set/assuming  H=6370  km;  V/,K=7850  m/s;  ^h.m^O,  it  is  possible  to 
determine  the  complete  tine  of  gliding/planning  by  the  approximate 
dependence,  obtained  from  (11.11), 

2300- c.W  (11.12) 

Key:  (1) .  s. 

It  must  be  noted  that  75-8Qo/o  of  tine  the  gliding/planning 
occurs  at  speed  V>5  km /s  (fig.  11.5). 

Glide  path  always  can  be  oroken  in  individual  sections  with 
/(r=const,  then  gliding  distance  can  be  found  from  (11.9),  having 
preliminarily  multiplied  left  and  right  side  by  V  and  after 
expressing  G  from  (11.1); 

1  dV2  _  V2  I 

Kr  I  + 


2  dt 


(11.13) 
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whence 


p  v?  —  u2 
L  in=K  r  — In— ^ ^ 

2  tr2  _ t/2 

KlK 


(11.14) 


Page  195. 

Equations  (11.11)  and  (11.14)  make  it  possible  to  deteraine  ^ 
and  L„„  in  any  trajectory  phase  (i.e.  for  any  values  V„.nn  and 

For  precomputations  the  gliding  distance  of  VKS  from  the 
torque/moment  of  orbit  ejection  to  touchdown  can  be  determined  from 
the  formula 

13  800-  Kr  km.  (11.15) 

Let  us  note  that  ~90o/o  of  entire  time  of  gliding/planning  (on 
distance)  occurs  at  speed  V>5  Kb/s  (Fig.  11.6). 


The  distance  of  lateral  maneuver  depends  on  value  Kl’5  .  In 
precomputations  the  complete  distance  of  lateral  maneuver  can  be 
determined  by  the  formula 

in.6oK  =  1400-Arr'S  KM.  (11.15') 

Task  regarding  the  flight  trajectory  of  VKS  in  space  coincides 
with  the  task  of  the  determination  of  the  orbits  of  celestial  bodies 
(Kepler's  task).  The  motion  of  tody  is  examined  in  polar  coordinate 
system  with  pole  in  the  center  of  the  Earth.  The  equations  of  motion 
of  flight  vehicle  in  pclar  coordinate  system  can  be  obtained. 
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0  1  Z  3  H  5  6  7  8  V m/c  CD 

Pig.  11.5.  Dependence  of  the  tine  of  gliding/planning  on  speed  and 
hypersonic  lift-drag  ratio  of  VKS. 


Key:  (1).  k»/s. 

Page  196. 


In  particular,  equations  of  notion  of  VKS  in  space  (in  the  absence  of 
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aerodynamic  forces  and  thrust)  Bill  take  the  form 


*Vs.+  v  0; 
at  ^  r  at 

dVr  ,/  d*  _  ,r  Ji i 
— =-^°  ,2 


(11.16) 

(11.17) 


where  Vs—  peripheral  component  of  velocity ; 


radial  component  of  speed; 


y--'  angle  of  rotation  of  radius-vector  (vectorial  angle)# 
calculated  off  polar  axis,  certain  initial  constant/invariable  in 
space  direction  of  radius-vector; 


r  -  distance  fron  VKS  to  the  center  of  the  Earth 
(radius-vector)  . 


The  theory  of  the  motion  of  body  under  conditions  of  space  under 
the  action  of  the  forces  of  gravitation  is  called  of  elliptical 
theory.  A  great  use  at  present  elliptical  theory  finds  during  the 
solution  of  such  basic  tasks  of  cosmonautics  as  the  determination  of 
the  orbits  of  artificial  Eartn  satellites,  the  orbits  of 
interplanetary  flight  vehicles,  etc. 


0  1  2  3  4  5  6  7  8  Vkm/c  <•  1 


Fig.  11*6.  Dependence  c t  gliding  distance  on  speed  and  hypersonic 
lift-drag  ratio  of  VKS. 


Key:  {1)  .  kn/s. 
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This  theory  determines  the  flight  trajectories  of  VKS  in  space.  So, 
the  equation  of  orbit  in  polar  coordinates  can  be  obtained,  solving 
the  system  of  differential  equations  (11.16)  and  (11.17): 


r  —  - 


l  +  ecos  (*  — *o)  * 


(11.18) 


where  p  -  a  focal  orbital  parameter; 


e  -  orbital  eccentricity; 


initial  value  of  angle  *• 


During  motion  in  terrestrial  gravitational  field  when  the  focus 
of  orbit  is  arrange/located  in  tne  center  of  the  Earth,  value  of  the 
focal  parameter  and  eccentricity  will  be  equal  to 


e 


P=- 


V\r\  cos2  «j 


i 


fM3 


j  2^0  cos2  80  ^  V^rgcos^o 


fM3 



f  M 


(11.19) 

(11.20) 


Substituting  these  values  in  (11. IS),  we  will  obtain  the  final 
equation  of  orbit  of  VKS  (artificial  Earth  satellite) 
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r= 


V(M)C°sJflo 

fM3 


1  + 


2Vlr0  cos*  80 
fM3 


+ 


Vjrgco8SB0 


COS  (x  —  *o) 


(11.21) 


where  r0=R+H  -  initial  distance  from  the  center  of  the  Earth; 


V0  -  the  initial  velocity  in  orbit  (at  height/altitude  H  from 
the  surface  of  the  Earth); 


e„  -  flight  path  angle  to  the  local  horizon  at  initial  point; 


ftl3  -  constant  of  the  gravitational  field  of  the  Earth; 


f  -  gravitational  constant; 


mass  of  the  Earth. 


According  to  the  law  or  universal  gravitation,  the  weight  of  any 
body  at  height/altitude  H  from  the  surface  of  the  Earth  is  egual  to 


0=f - 5 — , 

J  (/?  +  //)* 


(11.22) 


where  m  -  a  mass  of  body 
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The  constant  of  gravitational  field,  therefore,  will  he  equal  to 

fM3=g,Rl 


It  is  known  that  the  fora  of  the  curve  of  the  second  order  is  caused 
by  the  value  of  its  eccentricity.  With  e=0  equation  (11.18)  is  the 
equation  of  circumference,  when  s<1  -  equation  of  ellipse,  when  e=1  - 
equation  of  parabola  and  finally  when  e>1  -  equation  of  hyperbola. 

One  of  injection  condition  in  orbit  of  VKS  will  be  equality 
9o=0;  therefore  it  is  possible  to  consider  that  the  orbit 
eccentricity  is  determined  by  the  speed  and  height/altitude  in  the 
initial  point  of  the  orbit 

e  =  e(V0,  /-/). 


Page  198. 

Let  us  find  the  necessary  initial  velocity  for  motion  along  circular 
orbit.  This  speed  is  called  of  circular,  or  firstly  space  (V|,:).  • 

For  case  e=0  from  (11.20)  ue  will  obtain 

(U.23) 

Cj rcular  orbit  is  the  special  case.  For  its  realization  are 
necessary  specified  conditions  (V'o=V'iI1  and  0o=O).  Furthermore,  as  a 


gTg 


result  of  the  disturbance/perturnations,  called  mainly  by  the 
flattening  of  the  form  of  the  Barth,  appear  the  deviations,  which 
distort  orbit  shape.  Therefore  strictly  circular  orbit  can  be 
obtained  only  in  equatorial  plane.  However,  during  the  determination 
of  the  parameters  of  VKS  the  form  of  the  Barth  can  be  considered 
sphere  and  orbital  velocity  determined  from  fcrtula  (11.23). 


For  example,  for  height/altitude  H=100  km  the  numerical  value  of 


orbital  velocity  (at  *=9G°) 


^ik  =  7,85  km/c. 


At  the  values  of  eccentricity 


0  <e<  1 


equation  (11.18)  is  the  equation  of  ellipse.  Ellipse,  as  is  known, 
besides  eccentricity  and  iocal  parameter,  is  characterized  still  by 
the  large  (a)  and  low  (t)  semi-axis 

a = — - — ;  b  =  aV l—e2. 

Equation  (11.19)  and  (11.20)  they  make  it  possible  to  find  the 
major  axis  of  the  elliptic  ornit 


R  +  H 
vl(R  +  H) 


(11.24) 
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For  elliptic  orbits  the  orbital  period  is  determined 
analogously,  but  instead  of  (H+H)  into  expression  (11.26)  it  is 
necessary  to  substitute  the  value  of  the  large  semi-axis  of  the 
ellipse 

(H.27) 

VgaW 

After  output/yield  into  space,  can  arise  the  need  in  certain 
change  in  the  orbital  parameters.  To  change  the  parameters  of  orbit 
(i.e.  to  pass  from  circular  orbit  to  elliptical  and  back,  or  to 
change  the  angle  of  the  orbit  inclination)  is  possible,  changing 
value  and  direction  of  xlxyht  speed. 

If  it  is  required,  for  example,  to  increase  flight  altitude  by 
value  AH,  then  it  is  necessary  to  impart  to  flight  vehicle 
supplementary  speed  AV^,  equal  to 

A y  =y  (1/  R+h+jh — A  (11.28) 

Orbit  will  be  elliptical  and  flight  speed  will  be  changed  from 
V'max  at  height/altitude  H  (perigee  of  orbit)  to  Vmm  at 
height/altitude  H+AH  (apogee  of  orbit). 


During  the  motion  of  body  along  orbit  a  change  in  the  kinetic 
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energy  in  the  equal  to  a  change  potential  energy 

where  h  -  height  of  the  point  of  the  orbit,  the  flight  speed  in  which 
is  equal  to  V.  Since  the  mass  of  flight  vehicle  remains  constant, 
then 

V2  _  JL<>rL  =  const.  (11.29) 

2  R  +  h 
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orbit  (*=0)  during  the  naximum  use  of  diurnal  rotation  of  the  Earth: 


P  -  perigee  of  orbit;  A  -  apogee  of  orbit;  P*  -  perigee  of  new  orbit 
(when  v«<v,K  and  at  sufficiently  large  value  cf  H) . 


Key:  (1).  m/s. 

Page  200. 

This  expression,  called  the  integral  of  energy,  shows  that  the 
flight  speed  will  depend  only  on  trajectory  height  at  the  particular 
point . 
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From  equation  (11.29)  we  will  obtain  the. apogeal  velocity  of 


orbit  (at  height/altitude  H  +  AH) 


V'max  — 


2A  HenR* 

(R+H)  (R  +  H  +  A H) 


(11.30) 


where  \/,nax -  the  speed  in  the  perigee  of  orbit. 


The  speed  in  the  perigee  of  orbit  (i.e.  new  speed  at 
height/altitude  H)  ,  will  be,  ooviously,  is  equal  to  V,max=  ^o+AVh. 


At  height/altitude  (H+AH)  occurs  inequality  V'min<Vnt, 
therefore,  if  it  is  required  to  increase  flight  altitude,  after 
preserving  circular  orbit,  then  flight  speed  at  height/altitude 
(H+AH)  must  be  increased  to  value  Vn,  at  given  height/altitude. 


The  simplest  maneuver  with  respect  to  a  change  in  the  angle  of 
orbit  inclination  to  angle  A0,  without  changing  flight  altitude,  can 
be  fulfilled  by  a  change  in  the  direction  of  flight  speed  in  angle 
A*.  For  a  similar  maneuver  to  flight  vehicle  it  is  necessary  to 
impart  supplementary  speed  AV?  directed  at  angle  (90°  +  (A*/2) )  to  the 
plane  of  initial  orbit  (Fig.  11.8).  The  value  cf  the  supplementary 
speed  in  this  case  will  be  equal  to 


ai/f=K0_5i”4!-. 


(11.31) 


During  design  of  VKS  a  possible  change  in  the  speed  for  one  or 
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the  other  maneuver  in  space  must  be  considered,  since  it  requires  the 
supplementary  consumption  of  fuel  sometimes  of  very  essential. 
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Fig.  11.8.  A  change  in  the  orbital  plane  with  H=const:  1  -  initial 
orbit;  2  -  new  orbit. 

Aerodynamic  heating. 

The  distinctive  special  feature/peculiarity  of  flight  of  VKS  in 
the  atmosphere  is  flight  at  high  temperatures.  The  external  sources 
of  heating  are:  aerodynamic  (Kinetic)  heating,  solar  radiation, 
radiation  of  the  Earth  and  its  atmosphere.  Furthermore,  are  other 
sources,  heat,  placed  within  flight  vehicle.  The  determining  value 
for  VKS  will  have  aerodynamic  neating.  Other  (external  and  internal) 
sources  of  heating  can  te  disregarded. 

Page  201. 


The  bulk  of  heat  to  sheatnrng/skin  of  apparatus  is  fed  from 
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boundary  layer.  The  temperature  of  boundary-layer  air  is  close  to 
temperature  of  stagnation.  Considering  air  as  perfect  gas  (with 
T<2000  K)  and  taking  into  account  heat  exchange  in  boundary  layer,  it 
is  possible  to  find  temperature  on  the  internal  boundary/interface  of 
the  boundary  layer: 

a)  the  laminar  boundary  layer  rn-c  =  7'//(l +0,17  M2); 

}  (11-32) 

b)  turbulent  boundary  layer.  ^n.c  =  TH(.i  +  o,i8M2). 

Here  T„~ the  temperature  of  air  ax.  height/altitude  H. 

Determination  of  tne  temperature  of  skin  heating.  Under  the 
conditions  when  heat  exchange  is  determined  by  the  combined  action  of 
convection,  thermal  conductivity  and  emission,  the  temperature  of 
sheathing/skin  of  flight  vehicle  can  be  determined  from  the  equation 
of  the  balance  of  the  heat: 

dl-33) 

where  ga. c  —  heat  transfer  rate  from  boundary  layer,  i.e. ,  the  quantity 
of  heat,  which  enters  the  sheathiny/skin  the  unit  of  area  per  unit 
time  in  kcal/m2s; 


<7h3ji  -  heat  transfer  rare,  emitted  by  sheathing/skin  into  the 
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surrounding  space; 

c  -  specific  heat  of  skin  material  in  kcal/kgf »deg; 

7  -  the  specific  gravity/weight  of  skin  material  in  kgf/m^; 

6  -  thickness  of  sheathing/skin  »; 

t  -  time  in  s; 

Tot—  the  temperature  of  the  external  surface  of  sheathing/skin  in 
deg  K. 

Equation  (11.33)  describes  the  unsteady  thermal  process,  by 
which  the  temperature  cf  surface  cf  body  changes  in  the  course  of 
time.  The  solution  of  this  nonlinear  differential  equation  can  be 
obtained  by  the  methods  of  numerical  integration. 

The  greatest  temperature  of  sheathing/skin  will  be  when 
dT0^!dt= 0.  in  this  case  occurs  the  steady  heat  exchange  and  the 
equilibrium  temperature  of  sneatning/skin  which  is 

establish/installed  during  enuurance  flight  under  constant/invariable 
conditions.  In  this  case,  qn.c-Qw 
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Emitted  by  sheathing/skin  heat  transfer  rate  is  determined 
according  to  the  law  of  stefana  -  Boltzmann 

(11.34) 

where  e—  radiation  coefficient,  or  emissivity  factor  of 
sheathing /skin; 

a- 1. 37»1  O'"* 1  kcal/m2s*dey*  -  radiation  coefficient  of  blackbody. 

Coefficient  g  estimates  the  radiating  capacity  of  body 
(sheathing/skin)  in  comparison  with  blackbody.  It  depends  on  material 
of  surface  and  its  treatment,  and  also  cn  temperature.  For  the 
sheathing/skin  of  VKS,  it  is  possible  to  accept  8  0  ^ 

Heat  transfer  rate,  which  enters  the  sheathing/skin  from 
boundary  layer,  in  accordance  with  Newton's  law,  is  determined  as 
follows: 

<7n.c==a(7'n.c  T0i),  (11.35) 

where  a  -  a  local  coefficient  of  convection  heat  transfer  on 
boundary/interface  air  -  sheathing/skin  in  kcal/m»deg. 

Considering  equalities  <> and  Qn.c,  we  will  obtain  the 
equation,  which  makes  it  possible  to  determine  the  temperature  of 


-  %  *Tj4  -•'  “X'.'f^  -  X_  '  ' 
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sheathing/skin  during  the  steady  heat  exchange, 

e37l«  +  aro6-a7I1<c= 0.  (1L36) 

Page  202. 

The  coefficient  of  convection  heat  transfer  a  has  different 
values  for  a  plate  and  for  the  critical  point  of  spherical  body.  Th 
approximation  of  the  coefficient  of  heat  transfer  for  a  plate  takes 
the  form: 

a=^0,5gpV'cpc/Pr-,/*,  (11.37) 

where  cv-  heat  capacity  of  the  air  at  a  constant  pressure  in 
kcal/kg«deg; 

c,~  the  coefficient  of  air  friction  against  the  surface  of 
sheathing/skin,  depending  on  Reynolds  number  and  structure  of 
boundary  layer; 

Pr=pcj,g/X  -  Prandtl  number; 


p  -  coefficient  of  the  ductility/toughness/viscosity  of  air  in 
kg •s/m2; 


X  -  coefficient  of  thermal  conductivity  cf  air  in  kcal/m*s«deg 
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The  physical  constants  cf  the  aire^  p,  A,  which  depend  on 
temperature,  must  be  taken  for  the  so-called  determining  temperature 

T0„=TH-)r  0,7.2  (7'lt.c — T  H).  (11.38) 

Prandtl  number  depends  on  the  temperature  cf  air  (table  11.1). 
At  large  temperatures  (7'on>1250K)  Prandtl  number  can  be  considered 
constant. 

For  the  approximate  estimate  of  the  temperature  of 
sheathing/skin  the  coefficient  a  can  be  determined  thus: 

the  laminar  boundary  layer 

a  —  3\,6gpVcp(?Vxj^)-°'5  Pr-°>67;  (1 1.39) 

the  turbulent  boundary  layer 

a=01184gpVcp(pVx/ii)-0>2Pr-0'f’7,  (’1.40) 


where 


x  =r- 


0,0038 


(11-41) 


The  given  formulas  are  valid  for  determining  the  temperature  of 


the  wing  skin*  tail  assembly  and  cylindrical  cf  the  part  of  the 


K '  * 

6-5  1 
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For  the  coefficient  of  convection  heat  transfer  near  critic  il 
point  with  laminar  boundary  layer,  it  is  possible  to  accept  the 
following  expression: 


a=0,54  Pr-°-66gcp  VmVIr, 


(11.42) 


where  r  -  a  radius  of  the  nose  section  of  the  body: 

p  =  2,82l/ J2 - i 

V  Pc  (1+0.2 


,2M*) 


(11.43) 


Here  p  and  f>c  the  pressure  of  the  flow  before  and  after  the  normal 
shock  of  pressure.  Belation  plpc  is  determined  from  of  known  to  the 
formula  gas  dynamics 


_p 

Pc 


I  (1+P.PM^5  r  2,43(1  -f  0,2M2)  2,5  _'l3’5 

-  1 1,3  j  i67jv\2  —  0,167  [  M2  J 


Using  equation  (11.36)  and  given  above  formulas,  it  is  possible 
to  calculate  the  equilibrium  temperature  of  the  sheathing/skin  of  VKS 
(and  also  any  other  aircraft)  during  aerodynamic  heating. 



I 
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Page  203. 

Figures  11.9  give  approximate  values  of  equilibrium  temperature 
for  the  probable  region  of  fligats  of  VKS  (for  small  angles  of 
attack)  . 

The  intensity  of  the  aerodynamic  heating  of  surface 
substantially  decreases  during  an  increase  in  the  distance  from 
leading  wing  edge  (from  the  leading  edge/nose  of  fuselage)  and  during 
an  increase  in  the  sweep  angle  of  wing  (tail  assembly).  Figures  11.10 
show  isotherms  on  the  surface  of  hypersonic  aircraft  in  cruise  at  the 
height/altitude  of  3h  km  with  M  =  8.  Should  be  focused  attention  on  the 
temperature  distribution  on  lower  intake  plane  (temperature 
distribution  on  plane  at  permanent  angle  of  attack  and  zero  angle  of 
sweep back) . 


0  1  2  3  4  5  6  7  8  Vr.„  km/c  (I) 


Fig.  11.9.  Equilibrium  temperature  of  flat  surface  at  a  distance 
x=1.5  m  from  leading  edge  (£-c  <r). 


Key:  (1) .  km/s. 


mo 


Pig.  11.10.  Steady  temperature  in  surface  of  aircraft  {in  °C)  during 
endurance  flight  (V=2400  a/s  H=S4  km). 
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§2.  Selection  of  the  diagram  of  the  aerospace  aircraft. 


If  we  by  payload  understand  the  weight  of  the  apparatus, 
concluded  in  orbit  (without  considering,  naturally,  the  weight  of  the 
structure  of  the  lat. -/latter  step/stage  of  accelerator,  which  will 
also  reach  orbital  speed),  tnen  the  most  adequate/approaching 
criterion  for  analysis  and  selection  of  diagram  will  be  payload 


fraction 


Gu.*—GaJG0, 


where  Gn.H-  the  weight  cf  tne  apparatus,  concluded  in  orbit; 


G0  -  launching  weight  of  system. 


Although  this  criterion  is  not  exhausting  (more 
common/general/total  criterion  as  the  cost/value  of  system) , 
nevertheless  it  plays  main  role,  since  on  defends,  other 

conditions  being  equal,  the  cost/value  of  the  delivery/procurement  1 
kg  of  the  payload  in  orbit. 
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At  the  assigned/prescribed  value  of  payload  weight  evaluation 
criteria  of  diagram  of  VKS  will  be,  obviously,  the  value  of  launching 
weight  of  system. 

Possible  diagrams  cf  tne  aerospace  aircraft.  The  most  important 
aircraft  characteristics  for  the  delivery/procurement  of  load  in 
orbit  is  the  minimally  necessary  flight  speed  in  orbit  V^po’  (for 
flight  altitude  H<500  on  ica  ^opg^V'ih).  a  strict  guarantee  of 
assigned/prescribed  flight  speed  not  for  one  flight  vehicle  has  this 
important  value  as  for  space  vehicles.  For  example,  if  aircraft  was 
design/projected  for  the  flight  speed  V=3185  cf  km/h  (M=3) ,  but  in 
actuality  speed  render/showed  to  lo/o  less,  i.e.,  V=3153  km/h 
(M=2. 97) ,  then  this  virtually  in  any  way  will  not  be  reflected  in  the 
effectiveness  of  this  aircraft.  For  an  orbital  apparatus  the  error  in 
speed  to  lo/o  (i.e.  instead  of  7.8  kra/s  to  obtain  7.72  km/s) 
indicates  starting/launching  idle,  since  apparatus  will  not  be  held 
in  orbit  and  it  will  complete  landing,  having  fulfilled  net  one  turn 
around  the  Earth.  Therefore  the  most  important  and  necessary  flight 
condition  on  orbit  is  the  achievement  of  corresponding  to  speed  of 
flight.  This  condition  will  to  a  considerable  degree  determine  the 
diagram  and  une  basic  parameters  of  orbital  flight  vehicles. 

To  find  communication/connection  of  orbital  speed  with  the  basic 
parameters  of  flight  vehicle  is  possible,  analyzing  the  process  of 
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acceleration/dispersal  and  climb  on  leaving  in  orbit. 

In  the  process  of  acceleration/dispersal  and  climb,  flight 
vehicle  acquires  the  speed  which  in  general  can  be  written  thus: 

V=VH-hVa  +  Vc„  •  (11.44) 

where  Vu~  the  ideal  velocity  of  apparatus,  i.e.,  the  speed  which  the 
apparatus  would  obtain  in  the  absence  of  force  cf  gravity  and 
aerodynamic  drag; 

AVn-  total  speed  losses  from  the  action  of  gravitation  and 
aerodynamic  drag; 

Vcr-  the  starting  speed  of  apparatus  (for  single-stage 
apparatuses  with  start  from  the  Earth,  obviously  VCI=0). 

The  ideal  velocity  cf  apparatus  is  determined  from  known  formula 
of  K.  E.  Tsiolkovskiy 

I^h  —  n 

where  we  the  effective  exhaust  velocity; 


the  initial  mass  of  apparatus; 
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mK oh  •  the  finite  mass  of  apparatus  (after  burnout). 


Expressing  effective  discn^rge  velocity  through  the  specific 
impulse  (the  specific  thrust  of  engine) ,  and  the  mass  of  the  flight 
vehicle  through  weight,  we  will  obtain 

v,,=«o4|”-f2:L=9’8iy'ln  T^aT  ’  (1U5) 

^KOH  4  T 

where  Jx~  specific  jet  firing  (on  fuel/propellant)  ; 

O^GJO^—  the  over-all  payload  ratio  of  fuel/propellant. 


Page  205. 

On  value  AVn  especially  essential  effect  has  the  velocity  of 
start . 


For  the  concrete/specific/actual  diagraa  of  flight  vehicle  on 
leaving  in  orbit  according  to  the  specific  trajectory  value  can 

be  determined,  integrating  eguations  of  notion  (1 1.5) - (1 1.7) . 

In  the  period  of  preliminary  design  this  value  can  be  accepted 
approximately;  with  a  sufficient  degree  of  accuracy  of  its  it  is 
possible  to  reraove/take  trom  the  curve/graph  cf  Fig.  11.11  which  we 
get  as  a  result  of  the  trajectory  calculation  of  injection  into  orbit 
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with  a  height/altitude  cf  h=12Q-200  km;  in  this  case  were  examined 
different  diagrams  of  flight  vehicles  with  the  actually  possible 
parameters. 

Injection  into  orbit  witn  H>200  km  can  be  broken  into  two 
stages: 

1)  output/yield  tc  H~~150  ka; 

2)  maneuver  on  an  increase  in  altitude  of  orbit  by  value  AH  [see 
(11.28)  ]. 

A  required  quantity  of  fuel/ propellant  Gt.hot  for  injection  into 
orbit  we  will  obtain,  accepting  in  (H-  44)  V=VtK  and  deciding 
together  (11.44)  and  (11.45)  relatively  UT, 

In— -1—  '  h K  +  Wn-vcr 

1 — Gt.hot  9,81/t 


or 


^T.IIOT  1 


1 

V1K+^H— ^CT 

9,8Ut 


(11.46) 


where  <?IMOT=r.(?  in 

Guav  the  initial  weight  of  apparatus  (when  V/=V,CT),  for  single-stage 
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apparatuses  V'CT=o  and  Omn=G0. 

Figures  11.12  depict  the  yraphic  interpretation  of  equation 
(11.46)  for  several  values  of  starring  speed. 

Possible  values  and  UH  for  contemporary  aircraft  and  aircraft 
of  the  nearest  future  are  given  in  Fig.  11.13. 
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Fig*  11.11*  Effect  of  the  speed  of  start  on  total  speed  losses  from 
the  action  of  gravitation  and  aerodynamic  drag  (for  orbits  H=  120-200 
km)  * 


Key:  (1).  m/s 
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Page  206. 

For  injection  into  orbit,  flight  vehicle  with  zhRD  when 
/T=250— 450  5-  aust  have  tne  over-all  payload  ratio  of 

fuel/propellant  Gr ~0,98-f-0,87  when  MCT=0  (see  Fig.  11.12). 


m 


at 


f  -  I 


If  flight  vehicle  will  start  iron  hypersonic  carrier  aircraft  if 

I 

(for  example,  when  MCT=6— 12), then  the  necessary  fuel  reserve  for  % 

injection  into  orbit  decreases;  however,  also  in  this  case  it  will  be 
equal  to  5t.iiot= 0,78—0,64  for  /T=450  s-  (fuel/propellant  H2*02)  . 


w*  ** 


Only  start  with  MCT^18  gives  the  possibility  of  injection  into 
orbit  (^x.noT^O.45). 



mrtK'marxM-c.  srrru irsjfci* 
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Fig.  11.12.  Dependence  of 
fuel/propellant,  required  for  injection  into  crfcit  (H=120-200  km)  , 
from  specific  jet  firing. 


Fig.  11.13.  Change  in  over-all  payload  ratio  of  fuel/propellant  and 
construction  of  aircraft  in  dependence  on  operating  temperature  of 
construction/design. 

Key:  (1)  .  suspension  tanks,  csi  /?yrpA»nes  wifA 


;? 
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Fig.  11.14.  The  possible  diagrams  of  flight  vehicles  for  the 
delivery/procurement  of  the  payload  in  orbit  (as  fuel  for  all  engines 
is  utilized  liquid  hydrogen);  1  -  space  ship  with  ballistic  entry 
into  the  atmosphere;  2  -  VKS. 

Page  207. 

Therefore  it  is  possible  to  draw  a  conclusion  relative  to  the 
diagram  of  the  apparatus;  to  supply  the  payload  in  orbit  and  to 
complete  return  and  landing  to  the  earth  at  present  (when  7^450  s)  can 
only  multistage  flight  vehicles.  Figures  11.14  show  the  possible 
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diagrams  of  such  flight  vehicles. 

Payload  in  diagram  l  is  space  vehicle  with  ballistic  entry  into 
the  atmosphere;  landing  to  the  earth  is  conducted  with  the  use  of 
parachutes.  The  apparatuses  or  diagrams  II,  III  and  IV  have  identical 
payload  -  the  aerospace  aircraft,  which  accomplishes  planning/gliding 
entry  into  the  atmosphere  anu  horizontal  landing  to  the  earth. 

Diagrams  I  and  II  are  identical  and  are  characterized  by  only 
payload.  These  diagrams  are  based  cn  the  principle  of  the  maximum  use 
of  the  existing  construction/designs  of  rocxets.  fhe  high  cost/value 
of  carrier  rocket  leads  to  the  need  for  the  searches  of  the  repeated 
use  of  step/stages.  Is  most  expedient  the  rescue  of  first  stage, 
since  in  this  case  from  75  to  8G0/0  of  weight  of  an  entire  structure 
of  carrier  rocket  it  returns  conversely. 


The  best  possibilities  in  the  creation  of  the  repeatedly 
utilized  space  systems  gives  the  hypersonic  carrier  aircraft 
(booster) ,  piloted  by  crew  and  which  independently  returns  to  the 
place  of  start  after  the  starting/ launching  of  space  vehicle  (diagram 
III  and  IV).  Upon  transfer  from  ballistic  ones  to  the  winged 
aerospace  systems  of  repeated  application/use,  the  cost/value  of  the 
delivery/procurement  of  tne  payload  in  crbit  considerably  will  be 
lowered. 
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Diagram  III  is  one  of  the  possible  versions  of  the  rescue  of  the 
first  booster  stage  with  ZhhD. 

Diagram  J.V  is  most  promising.  During  use  in  the  process  of  the 
acceleration/dispersal  or  high  specific  impulse,  VRD  can  he  obtained 
very  large  gain  in  useful  load,  concluded  in  orbit,  in  comparison 
with  the  carriers,  equipped  with  ZhRD.  Carrier  with  vrd  will  be  close 
to  aircraft  in  diagram  .ond  accomplishing  of  operations. 

The  effectiveness  of  carrier  with  VRD  is  visible  from  Fig. 

11.15. 


Certain  representation  of  tne  weight  distribution  of  the 
apparatuses  of  the  examined  diagrams  gives  Fig.  11.16. 

It  should  be  noted  that  diagram  IV  provides  not  only  the 
repeated  use  of  the  expensive  first  step/stage,  it  makes  it  possible 
to  substantially  raise  value  <V„„.  For  an  orbital  injection  one  and  the 
same  of  payload  the  launcning  weight  of  the  flight  vehicle,  designed 
by  diagram  IV,  will  be  two  times  less  in  comparison  with  the  best 
specimen/samples  of  the  contemporary  carrier  rockets: 


79052108 


0  12  3  4  5  6  7  Vkm/c 

Fig.  11.15.  The  dependence  of  relative  energy,  to  the  communicated 
payload  on  leaving  in  orbit,  and  the  relative  fuel  consumption  on 
speed  for  diagrams  III  and  IV  in  Fig.  11.14  (as  fuel  for  all  engines 
is  utilized  liguid  hydrogen);  a)  carrier  aircraft  with  VRD;  b)  first 
stage  with  ZhRD;  c)  the  second  step/stage  with  ZhP.D;  d)  the  third 


step/stage  with  ZhRD 


-Bt  ~  /V';'_'0P6 


Key;  ( 1)  .  km/s. 
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During  the  use  of  nuclear  rocket  engines  (YaRD)  whose  specific 
impulse  will  considerably  exceed  specific  impulse  ZhRD,  diagram  IV 
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will  change  toward  the  decrease  ot  a  quantity  of  step/stages. 

So,  when  7T«100U3  VKS  with  YaRD,  starting  from  carrier 
aircraft,  will  leave  in  orbit  without  supplementary  accelerators. 

/T«2000  s  drops  off  the  necessity  also  for  carrier  aircraft,  since  VKS 
according  to  equation  (11.4b)  can  independently  (starting  from  the 
Earth)  emerge  in  orbit. 

During  wide  use  YaRD  with  specific  impulse  ~2Q00  s  the  era  of 
rockets  as  flight  vehicles  for  the  conclusion/derivation  of  payload 
in  orbit,  apparently,  it  will  end,  since  the  key  advantage  of  rocket 
step/stages  -  a  high  lead  ratio  on  fuel/propellant  -  it  will  lose  its 
value,  since  required  fuel  load  tor  injecticn  into  orbit  when  /T>2000 
S  will  be  CT.noT<0,4  (see  Fig.  11.12). 

The  diagram  of  the  aerospace  aircraft  must  provide: 

-  obtaining  -he  necessary  value  of  lift-dray  ratio  in  hypersonic 
and  subsonic  flight  conditions; 

-  light  thermal  leads  upon  entry  into  the  atmosphere. 


Apparatus  with  Kr=0  is  exparience/tested  upon  entry  into  the 
atmosphere  g-force  from  8  to  10.  An  increase  in  the  lift-drag  ratio 
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in  all  to  0.5  makes  it  possible  co  decrease  the  g-force  in  an  entire 
line  of  descent  to  two. 


Investigations  showed  that  in  the  majority  of  the  cases  the 
hypersonic  lift-drag  ratio  VKS  can  be  restricted  by  value 

Ke— 1—2. 
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Fig.  11.16.  The  diagram  of  the  weight  distribution  of  flight  vehicles 
for  the  delivery/procurement  or  tne  payload  in  orbit  (with  start  from 
the  Earth),  in  diagrams  ail  I,  Ii,  IV  engines  work  on  liquid 
hydrogen,  in  diagrams  la,  Ila,  IVa,  all  engines  work  on  kerosene. 

Key:  (1).  Diagram.  (2).  Payload.  (3).  Payload  of  construction.  (4). 
Payload.  (5).  Useful  load.  (fa).  Fuel/propellant.  (7).  Third 

(“?).  Coy,  5 1  you.  C"-  ”/d  C 

step/stage  of  apparatus.  (8).  Second  step/stage  of  apparatus./]  (10) . 
Construction/design.  (11).  Constcuction/design .  (12).  Power  plant. 
(13).  First  stage  of  apparatus. 


I 


* 


3 
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Figures  11.17  show  a  change  of  the  physical  characteristics  VKS 
in  dependence  on  value  Kr-  A  gain  in  weight  of  apparatus  during  an 
increase  in  the  hypersonic  lift-drag  ratio  is  connected  with  an 
increase  in  the  relation  to  surface  area  toward  working  volume,  with 
an  increase  in  the  duration  or  rliyht,  which  leads  to  large 
common/general/total  thermal  loaus. 

Acceptable  landing  data  VKS  are  provit,  ->d  with  the  value  of 
subsonic  lift-drag  ratio  not  less  than  four. 

At  present  are  conducted  the  widespread  investigations  of  the 
aerodynamic  shapes  of  the  maneuvering  aerospace  apparatuses  of 
repeated  application/use,  in  this  case,  special  attention  is  given  to 
the  apparatuses  with  lifting  body.  The  major  advantage  of  such 
apparatuses  (-n  comparison  with  winged  ones)  is  the  less  complicated 
resolution  of  the  problem  or  the  thermal  insulation  of 
construction/design.  For  an  improvement  in  the  subsonic  and  landing 
data  VKS  with  lifting  body,  it  is  proposed  to  utilize  a  special  wing 
with  the  subsonic  airf cil/pcof ne  (with  M>1  wing  is  removed)  . 

The  evolution  of  diagram  VKS  is  shown  in  Fig.  11.18. 




DOC  =  79052108 


PAGE  ^'l  it* 


r>)  1  Ox-iamdeHue  us/iyveHu em 

bxjiamBcHue  uttn-  I  - - 

com  *  g  car 

- PL  !  Ml 

Ppu  nacadxc  - — 

nocadny 

Htie  ycmpoiL-  caM  DCmoft  mr JibHO 

cm  6  cl 


Fig.  11.17.  Effect  of  hypersonic  lift-drag  ratio  on  characteristics 
VKS. 


Key:  (1).  Radiation  cooling.  (2).  Cooling  by  ablation.  (3).  During 
landing  are  required  auxiliary  devices.  (4)  .  Is  fulfilled  landing 
independently. 


2  J 



5 


fd  .  11.18.  The  evolution  of  diagram  VKS:  1  -  blunted  semicone  with 

V 

the  aperture  angle  of  60°;  2.  -  rlunted  semicone  with  the  aperture 



2.  -  riunted  semicone  with  the  aperture 
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angle  of  30°;  3  -  semicone  with  the  endplates;  4  -  VKS  with  lifting 
body  (lower  surface  oval) ;  5  -  winged  VKS;  6  -  VKS  with  lifting  body 
(lower  surface  flat/plane) 


AO 

Ciena 

M  >  10 

M  <  1 

CP 

Ciena 

M  >  10 

M  <  1 

1 

Kr  -  0.5 

K  ~  0.8 

4 

A'r  -  1 .3 

A'  -  4 

2 

AY-1.2 

AT  -  2 

5 

AY-2 

K  *•  8 

3 

Ar-1.2 

AT  -  4 

6 

Kr-2 

CO 

i 

Key:  (1)  «  Diagram. 


Page  210. 

§  3.  Determination  of  the  basic  parameters  of  the  aerospace  flight 
vehic le. 


Let  us  examine  the  basic  parameters  for  panoramic  sketches. 


Let  us  consider  that  tne  optimum  parameters  correspond  (ffun)max 
in  acceleration/dispersal  to  V,<\. 

Figures  11.19  show  the  project  VKS,  designed  for  10-12  people. 
Apparatus  of  multistage  circuit. 

The  diagram  of  apparatus  they  will  in  general  determine:  carrier 
aircraft  (retained  step/stage) ,  accelerators  (ncnrecoverable 


step/stages)  and  VKS  {retained  step/stage)  {see  Fig.  11.  m,  diagram 
IV)  . 

Launching  weight  or  apparatus  is  equal  to 

Oo  =  Oc.„  +  Gyl+  •  •  •  +  G  y«+°BKC,  (lL47) 

where  Gc.„  -  weight  of  carrier  aircraft; 

Gyl  -  weight  of  the  first  accelerator; 

Gy,,,-  weight  of  the  a,  accelerator; 

Gukc, -  weight  VKS; 

m  -  number  of  accelerators. 

For  determining  the  optimum  values  of  the  parameters  of  a 
similar  flight  vehicle,  it  is  necessary  to  answer  two  questions: 

1)  what  payload  and  to  wnat  speed  (in  these  parameters)  it  is 
capable  to  drive  away  carrier  aircraft;  2)  what  part  of  this 

load  it  is  capable  of  leaving  on  near  earth  orbit.  In  other  words,  it 
is  necessary,  providing  the  maximum  of  criterion  £n.ii=GuKc/Go,  to  find 
minimum  launching  weight  of  system,  if  is  assign/pr escribed 
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concrete/specif ic/actaal  weight  VKS  or,  if  has  in  mind 
concrete/specific/actual  carrier  aircraft,  to  find  maximally  possible 
weight  VKS,  capable  of  leaving  m  orbit  with  start  from  this  carrier 
aircraft. 


Let  us  introduce  following  of  concept  and  designation: 


G,  -  weight  of  the  i  step/stage: 


G„i  -  useful  load,  accelerate/dispersed  with  the  i  step/stage  to 
speed  V=VCTi+AVi  and  heigut/altitude  H=HCTi+M1i(VCTi  o^cL  Hcri  — 
respectively  speed  and  height/altitude  of  the  start  of  the  i 
step/ stage;  AV,  and  A//,  -  supplementary  speed  and  height/altitude, 
acquired  by  load  Gui  due  to  tne  luel/propellant  i  step/stages)  ; 


Gri  -  fuel  load  of  the  i  step/stage,  required  for  the 

acceleration/dispersal  cf  load  witn  a  weight  of  Cm  (on  value  AV,-  and 
A//,'); 

73  gt  I  G-, , 

(JT i  — -r--'  ■ ;  Gt  i  —  — — —  . 

Gi  +  G„  i  Q. 


For  carrier  aircraft  let.  us  have: 


c.h  -  Gyl  +  . . .  -f  Gy  m  +  0BKc; 

Cl  -  ^T.C.M  G~  ..  — *  n 

u?.c.H - ~ - — - -  — 3 :JLdL  :  n !  —  °T.c.M 

Gc.H  +  f?«.c.„  G0  '  Utch - n — 
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Fig.  11.19.  VKS  of  firm  "Lockneed",  USA  (figure) 


Page  211. 


For  the  first  accelerator: 


Oh.  y,=Oy2+ . . .  +Oym  +  GBKc; 

7?  °T.yl  7? 

O-r.jri  —  ^  77;  »  0T.yi  — 

Gyl  -i-  G„.  yl  Oyl 


For  hi  accelerator: 


ym=0BKc;  Gj.ym=- 


Gym  +  Gbkc 


*  Ot.v  m  — " 


The  supplementary  speed,  communicated  by  the  i  step/stage  to  the 
accelerate/dispersed  lead,  will  oe  in  general  equal  tc 

kV  t=V  „  l  —  Al/n ,, 


where  VH{  -  the  ideal  velocity,  which  communicates  the  i  grade  of 


load  Gm\ 
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From  this  equality  let  us  find  the  weight  of  apparatus  when  VCTi, 
at  the  moment  of  firing  the  engines  of  the  i  step/stage  (after  the 
isolation/evolution  from  i- 1  of  step/stage), 

a,+oHl=  - - j - On,.  dl-48) 

gt'~1+  *v,+*ya7 

9,8  UTt 
e 

Since  for  each  preceding/previous  step/stage  the 
accelerate/dispersed  loaa  is  the  sum  of  all  subsequent  step/stages, 
then  on  the  basis  of  dependence  (11.48)  launching  weight  of 
multistage  flight  vehicle  will  be  equal  to 

o,-(  n - — V o'-49) 

\  e  »•«'* l  / 
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where  n  -  a  number  of  step/stayes  of  apparatus; 

ft— l 

sign  ri-  ~  indicates  product  (n-1)  of  terms; 

n—  1  =  m  + 1  -  number  of  the  ••wcrxing"  step/stages  of  the  apparatus 
(fuel/propellant  of  which  as  ex pend/consumed  in  the  process  of 
acceleration/dispersal) ; 

-  payload  weight,  concluded  in  orbit. 

Page  212. 

As  was  accepted,  <j„m=Gbkc.  the  aerospace  aircraft  is  the 
last/latter  step/stage  of  multistage  orbital  apparatus,  moreover  the 
fuel/propellant  of  this  step/stage  in  the  process  of 
acceleration/dispersal  is  not  expend/consumed  (speed  ylK  is  reached 
at  the  end  of  the  work  cf  the  m  accelerator) .  If  VKS  in  final 
trajectory  emerges  in  crhit  due  to  its  own  fuel/propellant,  then  the 
m  accelerator  will  accclerate/disperse  VKS  to  the  speed 

K=K,h-Al/BKc. 


Value  APnicc  is  defined  as 
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bV  B.\C  =  9.817i.DKC^n 
\Gr 


aKh.bkc. 


(11.50) 


1  —  A£7t.BKC 

where  ac7t.bkc=  — r —  -  the  over-all  payload  ratio  of  fuel/propellant 

UBKC 

VKS ,  expendable  in  process  injection  into  orbit; 


aVu.bkc— /(!/)-  with  V>6.5  k»/s  AKn.BKC^O. 


One  should  note  that  in  this  diagram  (multistage  apparatus)  it 
is  conformable,  since  this  increases  the  weight  of  structure  VKS  and 
substantially  is  decreased  its  maneuverability  in  open  space. 


The  solution  of  task  for  toe  optimization  cf  the  parameters  of 
flight  vehicle  in  the  minimum  of  value  G0  with  to  assigned  magnitude 

Gn.„  is  reduced  to  solution  of  system  dG0/di} . *=0  during  known 

limitations  (here  {.  -  parameter).  A  strict  solution  of  this  task  is 
very  bulky,  since  the  majority  of  variables,  determining  value  G0,  is 
in  turn,  the  functions  cf  unknown  parameters  and  characteristics  of 
the  separate  step/stages  of  flight  vehicle,  fcr  example; 


Al^n / — aV^,, i (V „ P i ,  K [,  0,-,  H 

A.c.m(^ *  v,  P0,  Cp,  . . )  and  so  forth. 


5 



This  problem  in  sketch  design  it  is  better  to  solve  by  the 
approximation  method  which  considerably  simplifies  the  solution  in  it 


% 


-5 
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at  the  same  time  gives  the  necessary  for  sketch  design 
aocuracy/precision. 


The  essence  of  method  consists  in  the  fact  that  in  equation 
(11.49)  the  variables  are  record/fixed.  Matter  is  facilitated  by  the 
fact  that  some  variables  with  sutncient  accuracy/precision  can  be 
determined  on  the  basis  of  experiment  in  the  design  of  identical 
flight  vehicles,  other  varianles  during  deviation  from  optimum  exert 
insignificant  error  to  the  solution  of  task  as  a  whole. 


For  preliminary  design  it  is  possible  to  accept  0^=0,85—0,92 
(this  value  of  load  ratio  on  fuel/propellant  they  have  the  upper 
stages  of  modern  carrier  rochets)  ;  /T.y=iconst  (for  example,  for  the 
fuel/ propellant  H2+O2, /T.yi:s450  s)j 


A^yl=., 


■  bV, 


^K-^cry, 

m 


or  AVy,= . . .  =  b.Vym—-^- — — A"'bi<C"  (if  the  part  of  the  fuel/propellant 
VKS  is  spent  on  acceleration/dispersal) , 


where  ^cr.y,  -  a  speed  of  the  start  of  the  first  accelerator  (i.e.  the 
speed  which  communicates  carrier  aircraft  to  the  accelerate/dispersed 
by  it  load)  . 


Increase  A V'nf=/( Vct <)  is  taken  either  frcm  curve/graph  in  Fig. 
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11.11  or  from  the  calculation  or  the  optimum  trajectory  of  injection 
into  orbit. 

Page  213. 

A  number  of  all  step/stages  of  flight  vehicle  let  us  find,  after 
determining  a  number  of  accelerators,  since  n=m+2. 

Value  Sn.H  will  be,  obviously,  is  greater,  the  greater  percentage 
it  will  compose  payload  weight,  concluded  in  orbit,  from  weight  of 
load,  accelerate/dispersed  with  carrier  aircraft  (respectively 
smaller  percentage  will  compose  the  weight  of  accelerators) .  From 
this  condition  should  be  determined  value  m. 

Criterion  Gn.a  can  be  presented  as 

Oit.K  =On.K(l  £?<:.«)> 


where 


Value  it  is  easy  to  determine  from  equation  (11.49),  which 


will  take  the  form 
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°’1  1+  w**".  i 

m  Mi-/,, 

5„=n - ~ — —  •  <  1 1.51) 

i.t  °» 

From  equation  (11.51)  it  is  possible  to  determine,  what  part  of 
the  load,  accelerate/dispersed  with  carrier  aircraft,  is  capable  of 
leaving  to  near  earth  orbit. 

Varying  by  the  speed  of  the  start  of  the  first  accelerator  and 
by  Mach  number,  it  is  possible  to  determine  the  appropriate  values  of 
value  S,VH. 

In  Fig.  11.20  shown  graphical  solution  of  equations  (11.51). 

Analyzing  the  obtained  dependence,  it  is  possible  to  draw  the 
conclusion:  for  the  real  values  of  the  parameters  of  accelerators,  an 
increase  iv.  *.  \mber  m>2  virtually  to  an  increase  in  criterion  ffn.H  does 
not  lead;  '-stc-fore  for  a  multistage  orbital  apparatus  should  be 
accepted  a  number  of  accelerators  a=2  and  a  number  of  all 
step/stages,  therefore,  n=4. 

Equation  (11.49),  which  is  determining  launching  weight  cf 
multistage  apparatus,  in  that  case  will  take  the  form 


Thus,  solving  assigned  mission  by  the  proposed  approximation 
method,  it  is  possible  to  find  with  sufficient  accuracy/precision  the 
optimum  value  G0  and  the  row/series  of  the  important  parameters  of 
orbital  apparatus,  without  resorting  to  the  determination  of  the 
extremum  of  the  function  of  many  variables. 


DOC  =  79052108 


PAGE 



Determining  optimum  weight  of  the  i  step/stage  from  equation 


(11.48) 


0^-1  + 


-1  \Ohi, 


p 


(11.53) 


let  us  find  the  weights  of  the  separate  step/stages  of  multistage 
flight  vehicle. 


If  is  assign/prescribed  payload  weight  GB kc  of  concluded  in 
orbit,  and  is  required  tc  determine  the  minimum  launching  weight  G0, 
then  the  sequence  of  determining  the  weight  of  separate  step/stages 
must  be  similar:  the  weight  of  the  second  accelerator;  the  weight  of 
the  first  accelerator;  the  weight  of  carrier  aircraft. 


From  equation  (11.52)  we  wall  obtain: 


-  weight  of  the  second  accelerator 


—  l  \  Gbkc; 


Ky,  ~  1  + 


AVyi+AVn  y> 


(11.54) 


-  the  weight  of  the  first  accelerator 


0y.= 


°r.yl  ~  1  +  +4l, 

otyi**Kn.yi 

e  9-8,/t.yl 


-  1  \  (Gy2-fGBKc).‘ 


(11.55) 
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Pig.  11.20  effect  of  a  number  or  accelerators  and  velocity  of  start 
from  carrier  aircraft  tc  value  c'D...  ( fuel/propellant  h2+o2, /x.r.=45o sr)’. 

-  Ky  “ u>9:  - 0*  y  -  0.8S 


Fig.  11.21.  Effect  of  speed  or  start  of  second  accelerator  on  value 

C?  .  * - a*  —  0,9;  _• 

°  - ar.y  -  0,85;  o  -  V, 


’'iK  +  ^CT.Vl  ..Opt  . 

cr.yS  -  - - — —  ;  X  -vcr.y2 


6)  >»/$, 


Page  215. 

From  equation  (11.56)  it  is  possible  tc  determine,  what  load  and 
to  what  speed  it  is  capable  to  drive  away  the  carrier  aircraft 
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W  C.H 
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g: 


(11.57) 


In  ord,r  to  solve  system  ox  equations  (1 1.  52)-  (1 1-  57) ,  it  is 
necessary  to  know  value  3*  and  value  JT  for  of  all  working 
step/stages.  If  for  accelerators  value  Or.y  is  determined  only  by  the 
perfection  of  constructicn/design  and  its  possible  value  is  actually 
known  (this  load  ratio  cn  the  fuel/propellant  of  upper  stages  of 
contemporary  multistage  rockets) ,  then  for  carrier  aircraft  value 
Ot.c.h— 0TC>1,/(?C„  determine  in  the  stage  of  sketch  design  is  considerably 
more  complicated.  The  necessary  fuel  load  will  depend  (besides  the 
perfection  of  construction/design)  from  the  characteristics  of  power 
plant,  from  the  maximum  speed  of  flight,  from  the  parallax  of  orbit, 
from  the  conditions  of  takeoff,  etc.  Therefcre  the  final  value  of 
value  Or.c.H  can  be  establish/installed  cnly  as  a  result  of  working 
design. 


It  is  exactly  the  same  also  concerning  specific  impulses  on 
fuel/propellant.  For  power  plant  with  ZhRD  value  /T=const,  and  its  value 
for  different  f uel/propeliants  it  is  known.  For  the  power  plant  of 
carrier  aircraft  with  VBE,  value  /T.c.u  in  the  given  equations  is  not 

To 

true  specific  impulse  on  f uel/prcpellant  for  VRD.  /\  /T.c.u -  required 


conditional  momentum/impulse/pulse  VRD,  i.e.,  this  is  the  specific 
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iapulse  of  conditional  ZhRD,  which,  fulfilling  the  same  work,  would 
consume  the  same  quantity  of  fuel/propellant  (by  weight),  that  also 
VRD.  The  values  of  the  required  of  true  and  conditional  specific 
impulses  VRD  do  not  coincide  due  to  different  value  of  the  optimum 

thrust-weight  ratio  of  aircraft  with  VRD  and  ZhRD.  The  true  specific  1 

i 

impulse  VRD,  defined  as  j 

i 

,  3600  I 

A.npji  = - > 

cp  | 

i 

must  be  considerably  mere  tnan  value  /Tc.„,  in  order  to  compensate 
large  weight  VRD. 


In  the  period  of  the  preliminary  design  cf  value  G*.c. ,t  and 
it  is  possible  to  find,  after  determining  the  over-all  payload  ratio 
of  fuel/propellant,  required  for  acceleration/dispersal  and  climb, 
i.  e.,  value  Gt.c.„— 

With  the  sufficient  for  a  preliminary  design  accuracy/precision 

■=  _  (r/cT.vl  +  I'cT.yl  2 n)cn  CT  P pA'ct ^  J  j  gg) 

T-C,H~  P„K  CT_1  ’ 

where  //cT.yi  and  VCT.yi  -  heiyiit/altitude  and  speed  of  the  start  cf  the 
first  accelerator  respectively  in  m  and  m/s; 

Cp.cT  -  specific  fuel  ccnsumption  by  the  engines  of  carrier 
aircraft  at  the  moment  cf  the  start  of  the  first  accelerator  in 



accelerate/dispersed  lead  and  without  the  fuel/propellant,  spent  to 
acceleration/dispersal  to  .  VcT.,1' 
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For  the  heavy  supersonic  and  hypersonic  aircraft 


Oc.n.  nvci  =  0'3*”0,4' 


The  required  conditional  momentum/impulse/pulse  VRD  of  carrier 
aircraft  it  is  easy  to  determine  from  equation  (11.46),  knowing  value 

CrT.C.n" 

AV’c.k  +  Al^n.c.„ 


^T.C.H  ' 


9,81  In- 


1 


(11.60) 


1  — St.C.H 

After  determining  thus  for  all  step/stages  of  the  flight  vehicle 
of  value  ,<?*  and  Jt,  it  is  possible  to  solve  equations 
(1 1.52)-  (11.57)  . 


Figures  11.23  and  11.24  show  the  effect  cf  the  velocity  of  the 

G_ 

and  r, 

n.H 


start  of  the  first  accelerator  on  value  Om.c.ii- 


and  <7  —  Cbkc 


Jo  •—  G0 

(for  the  recommended  abcve  range  of  the  characteristics  of  carrier 
aircraft  and  accelerators) . 
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Act  ^p.c  r^fc/urc-v 


Fig.  11.22.  Dependence  of  values  Kct  and  c>CT-  cn  Hach  nuaber. 

Key:  (1).  kg/kg«h.  (2).  kerosene.  (3).  hydrogen. 

Page  217. 

Equations  ( 11.52)- (11.57)  for  the  diagran  of  flight  vehicle  in 
question  make  it  possible  to  determine  the  optiaua  speed  of 
acceleration/dispersal  vitn  tne  aid  of  carrier  aircraft  (speed  of  the 
start  of  the  first  accelerator)  : 

for  cryogenic  fuel  Mort=8— 10; 

f$r  a  fuel  Mopt=4 — 6. 
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Payload  weight.  The  most  important  factor  daring  the  design  of 
orbital  flight  vehicle  is,  obviously,  the  weight  of  the  true  payload, 
concluded  in  orbit. 

If  we  under  payload  VKS  understand  the  weight  of  the  cosmonauts 
and  transported  cargo,  then  value  £n.HBKc=Gn.HBKc/GoBKc  can  be  determined, 
using  the  equation  of  the  -weight  balance 

0 n.H  BKC=1 — (ObKC  nyet  “1*  Or  BKc). 

where  oBKCnyct=GBKcnycT/Go bkc  -  the  over-all  payload  ratio  of  empty  VKS 
(without  load  and  fuel/propellant) ; 

Qt bkc=<7tbkc/G0bkc-  the  over-all  payload  ratio  of  full  of  reserve 
fuel/propellant  VKSj 

O0 bkc ”  weight  of  completely  filled/charged  VKS. 

On  lvalue  C?b.bbkc  essential  effect  exerts  requirement  for 
maneuverability  in  orbit  (necessary  fuel  reserve  for  a  maneuver)  and 
requirement  for  maneuverability  in  the  atmosphere  at  the  hypersonic 
speeds  (since  on  the  value  of  hypersonic  lift-drag  ratio  Kr  depends 
the  weight  of  structure  VKS). 
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During  design  VKS  (in  the  first  approximation,)  it  is  possible 
to  bear  in  mind  following  of  the  value  of  the  weight  characteristics 
(see  Table  11.2)  . 

In  Fig.  11.25  is  shown  value  £n.nBicc  depending  on  the  hypersonic 
lift-drag  ratio  of  apparatus. 

Fuel  load.  Gross  weight  of  the  fuel/propellant  of  separate  (the 
i-th)  step/stage  will  be  in  general  defined  as  the  sum 

Cts = 0r.p + 0T.M  +  0T>1>  -f  GT.B<31 

where  GT.P=GT,  -  the  fuel  load,  required  for  the 
acceleration/dispersal  cf  load  G,I(  (to  value  AK,-  and  A //<); 

Gtm  -  fuel  load,  required  for  maneuver  accomplishment^ 

Gt-b  -  fuel  load  for  a  return  to  base; 

/ 

Cr.n.3  -  navigational  fuel  reserve. 
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Fig.  11.23.  Dependence  of  the  over-all  payload  ratio  of  the  load, 
accelerate/dispersed  with  carrier  aircraft  with  VHD,  from  the  speed 
of  the  acceleration/dispersal;  a)  engines  work  on  hydrogen^  b) 
engines  work  on  kerosene. 

Fig.  11.24.  Dependence  ci  payload  fraction,  concluded  in  orbit,  from 
speed  of  start  of  first  accelerator:  a)  engines  of  all  step/stages 
work  on  hydrogen;  b)  engines  of  carrier  aircraft  work  on  kerosene, 
booster  engines  -  on  hydrogen. 

Page  218. 

Let  us  examine  components  full  of  reserve  fuel/propellants  for 
the  separate  step/stages  of  multistage  orbital  apparatus. 
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Knowing  launching  weights  of  separate  step/stages  and  value  G*h 
let  us  find  fuel  load,  required  for  the  acceleration/dispersal  of  the 
load  G„«: 

Gt>p=Gt/G/> 

Virtually  entire  f uel/propeliant  of  accelerators  will  be 
expend/consumed  on  an  increase  in  the  energy  cf  the  accelerated  load; 
therefore  for  accelerators  as  one-time  stage  GT.M+GT.B+ GT'H.3=0. 

'f'he  fuel/propellant,  required  to  carrier  aircraft  with  VBD  for 
maneuver  accomplishment  after  the  starting/launching  cf  load  and  for 
a  return  on  airport  of  departure  in  the  first  approximation,  it  is 
equal  (fuel/propellant  -  hydrogen) 

0T.H + Gt>,  +  Gt.h.3  « (0,02  -  0,03)  Cc,; 

If  in  the  process  cf  injection  into  orbit  fuel/propellant  VKS  is 
not  expend/consumed,  then  gross  weight  of  fuel/propellant  VKS  will  be 
equal  to 

Gt.bkc=Gt,h  +  Gt>s-}-Gt.h.»" 

The  fuel  load,  required  for  execution  of  maneuver  in  space, 
depends  substantially  on  the  means  of  the  maneuver  which  in  turn,  is 
determined  by  value  -  by  a  change  in  the  velocity  vector.  The 
relationchip/ratio  between  value  and  required  fuel  load  can  be 
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obtained  from  equation  (11.45); 

gt.„=Obkc/i - - (11.61)  ■ 

y  gM.8UT.BKC  J 

Here  Gu kc  “  initial  weight  of  apparatus  in  orbit  (before  the 
maneuver)  ; 


•At.bkc  -  specific  jet  firing  VKS,  with  the  aid  of  which  is 
fulfilled  the  maneuver. 



J*  .  i»  . 
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'Table  11.2.  Height  characteristics  VKS. 


OTiiociireflbiibiii  nee  /fr=l,0  Kc  =  2,3 


KoiicrpyKmin  (c  Ten.no-  0,52—0,37  0,55—0,41 
iiaowmiiefi),  oOopynona- 
iwe,  ciicTOMbi 

JUmaienbiinH  ycTa-  0,015—0,03 

HOBK3 

UJaccii  W  Id  0,02-0,035 

yiipauaeime'  -'(asponii-  0,015—0,02 

liaMM'ICCKOC)  <  . 

ynpauaeHiie^(ra30-  0,01—0,015 

CTpyflnoe) 

Toimiiiio  (V  ,  0,30—0,35 

Iloaeaiiafl  iiarpyaKaCU  0,12—0,18  0,09—0,14 
(KOCMOiiauTbi  ii  rpyaw) 


0,01-0,015 

0,30-0,35 


Key:  (1).  Over-all  payload  ratio.  (2).  Construction/design  (with 
thermal  insulation),  equipment,  system.  (3).  Engine  plant.  (4). 
Chassis/landing  gear.  (5).  Control  (aerodynamic).  (6).  Control 
(gas-jet).  (7).  Fuel/propellant.  (8).  Payload  (cosmonauts  and  loads) . 


5n.mxc% 
ISKT~ r 


0  0,5  1,0  1,5  2,0  2,5  3,0  Kr 


Fig.  11.25.  Dependence  of  payload  fraction  VKS  on  hypersonic 
lift-drag  ratio. 
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The  representation  of  the  numerical  value  of  value  AVM  and 
corresponding  value  £T.M'  gives  "Taole  11.3,  in  which  are  shown  the 
expenditures  of  fuel/propellant  (when  /t.bkc=450  s)  ^or  an  increase  in 
altitude  AH  or  on  a  change  in  the  angle  of  the  slope  A*  of  orbit. 

Fuel/propellant  for  a  return  will  be  composed  of  three  parts: 

^T.n  —  0T.CX  -f  Ot-ct46 -f  0T-noc, 

where  GTXX  -  a  fuel  load  for  an  orbit  ejection  (for  the  creation  of 
retro  impulse) ; 

Gr.cxaG  -  f uel/pr cpellant  for  stabilization  (and  control)  in 
the  initial  stage  of  gliding/planning; 

Gr.noc  -  fuel/propellant  for  landing  on  assigned/prescribed 
airfield. 

Value  Gt.cx  is  determined  ny  equation  (11.61),  it  is  necessary 
to  have  AFm=AVt“==30— 70  n/s  (see  §  2). 

In  the  period  of  preliminary  design  VKS,  it  is  possible  to 
accept: 

^i.cia«~  (0,015  —  0,025)  Go  BKcJ 
GTtIIOC  ~ (0,0 15  —  0,030)  Go  bkcI 
OT.„.,«(0, 010-0, 015)Oo  bkC’ 
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Required  thrust-weight  ratio  of  multistage  apparatus.  The 
starting  thrust- weight  ratio  of  multistage  flight  vehicle  is  defined 


as  the  relation 


Po  _  Pq  t 

Oc.H  +  ^M.C.M 


where  P0  -  total  boost  for  launching  of  the  engines  of  carrier 
aircraft. 


The  optimum  value  of  value  P0  must  correspond  to  the  maximum  of 
criterion  Therefore  selected  the  starting  thrust-weight  ratio  of 

multistage  flight  vehicle  should  be  in  such  a  way,  as,  other 
conditions  being  equal,  to  ootain  the  maximum  value  of  value:GH.c.ii,  and 
this  can  be  made,  after  ensuring  for  carrier  aircraft  the  minimum  of 
sum  (GT.c.H+‘GflB.,f. 


Since  GT.c.„—f(p0)  and  ‘GM.y=ty{Fo),  then  expressing  the  indicated 
values  through  the  characteristics  of  aircraft  and  solving  the 
equation 


we  will  obtain  the  functional  connection  of  optimum  starting 
thrust- weight  ratio  with  the  fundamental  characteristics  of  the 


carrier  aircraft: 


1/  f//  .  ^T.yl  \ 

730=— -{.V  1  a  j 


1690  V„ylU,Kc 


(11.62) 


DOC 


where 


79052108  PAGE 


ft?1 


Kct  end  Cpcx  ~  see  {11  «58)  and  Fig*  11*  22 5 


Yns  _  -the  weight  per  horsepower  of  the  power  plant  of  carrier 


aircraft 
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Table  11.3.  The  initial  ornit:  H=200  km;  V0=V’d,=7796  b/s. 


\H  B  KM 

10 

100  300 

A*°  © 

1 

7 

15 

4V„  =  iV;f  B  M/C 

10 

85  200 

A  VM  =  A  Vf  b  m/c 

140 

950 

2050 

Gt.  m/GBKC 

0,002 

0,02  0,05 

Gt.  JG BKC 

0,03 

0,19 

0,38 

Key:  (1).  in  km.  (2).  in  m/s. 

Page  220. 

The  starting  thrust-weight  ratio  of  accelerators  and  VKS  will  be 
defined  as  the  relation 

P  * - V  . 

Gyi  •  ^h.  yi  ®h.  e.H 

P  ^  .  py'~  .  p  PBKC 

>'2  O’yo  +  Gtt  y2  6-„.yl  •  B-'C  0BKC’ 

where  pv,  -  the  boost  for  launching  of  the  first  accelerator; 

Fy 2  -  the  boost  for  launching  of  the  second  accelerator; 

Abkc  -  boost  for  launching  VKS. 

If  on  accelerators  and  VKS  are  establish/installed  ZhRD,  then 
thrust-weight  ratio  will  not  be  limited  by  the  weight  of  engine 
plant,  since  the  specific  gravity/weight  of  contemporary  ZhRD  is 
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considerably  lesser  than  the  specific  gravity/weight  VRD 

,  ^0,05. 

T»b  BPfl 

Therefore  the  thrust-weight  ratio  of  the  accelerators  (without 

fearing  overboost  of  engine  plant)  should  be  selected  from  the 

condition  of  guaranteeing  the  acceptable  g-force  upon 

acceleration/dispersal  and  the  speed  losses  tc  gravitation  and 

aerodynamic  drag  AIVy,  which,  other  conditions  being  equal,  will 

determine  value  On. Figure  11.26  sho«  the  effect  of  the  starting 

thrust-weight  ratio  of  the  first  accelerator  cn  value  G„,a  (for 
Mct.,i=6). 

'In  the  period  of  preliminary  design,  taking  into  account 
possible  g-limitations,  it  is  possible  tc  acv~- 
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Fig.  11.26.  Effect  of  the  starting  thrust-weight  ratio  of  the  first 
accelerator  on  value  (Mc,.y,=6) 


Aerospace  aircraft  with  YaRD  [38]. 


The  aerospace  aircraft  with  nuclear  rocket  engine  (YaRD) ,  as  it 
was  shown  above,  can  leave  to  Earth-circling  crfcit  without  the  aid  of 
intermediate  steo/stage-accelerators,  and  when  /t.5vpn>2000  with  and 
without  the  aid  of  carrier  aircraft.  The  over-all  payload  ratio  of 
fuel/propellant,  required  for  injection  into  crbit  cf  single-stage 

VKS,  is  determined  by  equation  (11.46),  which  will  take  the  form 

Or  hot  t  1  —  ,  (11.63) 


Or. nor  ~  ' 


J0  BKC 


V.  •‘•4V' 
r  IK  » 

'J.M't.APH 


Here  G0BKC  -  launching  weight  of  VKS  with  YaB'D  (when  (np«  VCt-0); 


see  Pig.  11.11  (when  VCT=0). 
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Effect  JT.flPA  on  value 'fft.not  is  shown  in  Fig.  11.12  (when  MCT=0). 


If  we  payload  weight,  concluded  in  orbit,  consider  the  weight  of 
repeated  flight  vehicle  when  VlH,  then  for  single-stage  VKS  with  YaRD 
payload  will  be  equal  tc 

Gh.h  —  0 BKC  =  Gu  BKC  —  Gr.nor. 


and  value  o„„  is  equal  to 


O  —  Grkc  _z.  1 

"•M_Gobkc 


(11.64) 


Page  221. 


If  payload  for  single-stage  yKS  is  understood  just  as  for  a 
usual  aircraft,  then  in  that  case  payload  will  be  determined  by  the 
equation  of  weight  balance,  solving  which  together  with  (11.63),  it 
is  possible  to  find  the  over-all  payload  ratio  of  the  true  payload, 
concluded  in  orbit;  and,  consequently,  the  weight  of  single-stage  VKS 


with  YaRD 


On  n  =  — 

a, 


0  BKC  VU+iVn 
9,»UT.flPA 


-(GBKC.nyer  +  Or.ptsep*)*  (11.65)  k 


where  0T.pe„p»=0T— 0T.nor  “  the  over-all  payload  ratio  of  standby 
fuel/propellant. 


In  the  period  of  preliminary  design  VKS  with  YaRD  the  tentative 


value  of  relative  empty  weight  (taking  into  account  biological 
protection)  can  be  taken  in  limits  OnKc.nycT= 0,40—0,65. 
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Value  will  be  equal  to 


,  =  GTM  +  GT,.  +  gT^.  =  +  Gt_#4.  Gt_b_s. 


J0  BKC 


G-r.pestp* 5 

Fuel  load  for  maneuver  accomplishment  in  space  is  also 
determined  by  equation  (11.61) ,  and  value  and  "£t.h.3  in  the  first 

approximation,  can  be  taken  (7r.t+Gr.n.a=0fi3— 0,06.  If  single-stage  VKS  has 
combined  engine  plant  (VBD  *•  YaBD)  and  YaBD  is  included  when  Vcr^O, 
then  the  over-all  paylcad  ratio  of  the  true  payload,  concluded  in 


orbit,  analogous  ( 


11.65)  will  be  determined  then: 


On 


l  —o. 


t.BPA 


G0BKC  VHt+AtV~t'cT 


■  (?  *7"  O  t.ptatp.)- 


(11.66) 


_  Q  e  9<njT.wa 

Here  GT.wa—~^-  ~  over-all  payload  ratio  of  fuel/propellant  VRD, 

G0  BKC 

required  for  output/yield  to  height/altitude  and  speed  at  which  it  is 
included  by  YaBD.  Value  <7t.Bph  is  determined  from  equation  (11.58),  in 
which  the  torque/moment  of  the  start  of  the  first  accelerator  is  the 
torque/moment  of  connection/inclusion  YaBD; 


AVn  -  corresponds  to  value  VCt  (see  Fig.  11.11) 

5  —  GBKC.njrcff" 

■here  0,,..y.BM=Ga».y.BPfl/GoBKca5  [coef: ficient  1.3  considers  the 

weight  of  air  intakes,  air  ducts,  etc. ].  Starting  thrust-weight  ratio 
P0Bpn=PoBPalOoBKc  is  determined  oy  equation  (11.62). 

Finally,  if  VKS  has  YaBD  with ,/T. ^<2000  s  and  for  injection 
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If  O'* 

into  orbit,  is  required  the  carrier  aircraft,  which 

accelerate/dispersas  VKS  to  necessary  value  VCt.  then  this  flight 

vehicle  can  be  considered  as  multistage  with  m=0.  Due  to  its  own 

fuel/ propellant  VKS,  it  must  increase  speed  by  value 
AV'nKC=  V|k —  ^CT. 

Page  222. 

Gross  weight  of  fuel/propellant  of  VKS  in  this  case  will  be  equal  to 
0T.ni<c=0r.„„T+C/T.M  +  0T.ll-}-07ilIj),  where  <jT.nox  -  the  fuel  load,  required  for 
output/yield  VKS  in  orbit  after  start  from  carrier  aircraft  [see 
(11.46)].  All  parameters  of  two-stage  flight  vehicle  are  determined 
by  the  given  above  dependences. 

Special  feature/peculiarities  of  tne  selection  of  geometric 
parameters  VKS. 

On  geometry  VKS,  is  had  simultaneous  effect  of  requirements, 

presented  to  flight  characteristics  during  hypersonic 

Ch^c trrhhis  *fcr«f+  7 *****  **^*m**K  .*■**. 
gliding/planning,  and  the  requirements^  f *«/ oW**/*  are 

expressed  by  the  value  of  the  hypersonic  and  subsonic  lift-drag  ratio 

(takeoff  data  have  smaller  value,  since  for  the  takeoff  of  the 

aerospace  flight  vehicle  to  more  expediently  apply  special  rocket 

dolly) , 
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Important  effect  on  geometry  VKS  will  exert  aerodynamic  reentry 
heating.  The  solution  cf  tasx  requires  com  pro  irises  between  geometry 
at  hypersonic  and  subsonic  flight  speeds.  A  change  in  the  hypersonic 
configuration  affects  sunsonic  characteristics  and  vice  versa.  This 
interdependence  and  incongruence  or  characteristics  for  hypersonic 
and  subsonic  flight  substantially  complicates  aerodynamic  development 
and  requires  often  the  appiication/use  of  the  variable  geometry. 
Therefore  large  value  in  design  VKS  obtained  the  idea  of  the 
’’separation  of  hypersonic  and  subsonic  conditions/modes".  The 
configuration  of  the  apparatus#  designed  according  to  this  principle 
facilitates  the  problem  of  aerodynamic  investigations  and  provides 
the  achievement  of  subsonic  flight  characteristics,  close  to  usual 
aircraft  ones. 

As  the  example  VKS  witn  the  divided  flight  conditions  can  serve 
the  project  of  apparatus  VL-JA  (Fig.  11.27). 

The  given  VKS  has  the  advanced  wings  for  the  separation  ;f 
hypersonic  and  subsonic  conditions/modes.  The  hypersonic  lift-drag 
ratio  of  apparatus  is  egual  to  Kr-2,3,  at  subsonic  speed  with  the 
pushed  forward  wings  K=d. 
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Fig.  11.27.  Diagram  VKS  VL-3A. 

Page  223. 

After  the  completion  of  the  hypersonic  phase  of 
gliding/planning,  the  vings  partially  are  advanced  for  the  attitude 
control  center  of  pressure  in  transonic  region.  At  subsonic  speed  the 
wings  are  advanced  completely.  Are  advanced  and  are  started  two  TRD, 
which  ensure  aircraft  landing.  There  is  a  reserve  of  fuel  (on  10  min 
of  flight  with  full  thrust)  for  approach  guidance,  ’•pulling"  and 
attendance/departure  to  the  second  circle.  For  crash  landing  and 
splashdown,  is  applied  the  parachute.  Landing  shock  with  parachute  is 
absorbed  by  the  tail  section  of  the  apparatus  which  concerns  the 
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earth/ground  of  the  first. 

One  of  the  most  important  geometric  parameters  of  flight 

vehicles  is  the  specific  wing  load  or  on  lifting  surface  {for 

apparatuses  with  lifting  body).  By  lifting  surface,  is  understood  the 

projected  area  of  apparatus  in  plan/layout.  Fcr  VKS  during  hypersonic 

flight,  the  specific  lead  on  lifting  surface  will  depend  on  eguation 

(11.1),  therefore,  the  value  of  this  parameter,  necessary  for 

equilibrium  flight  (gliding/planning)  at  given  speed  at  given 

height/altitude,  it  is  possible  to  determine  from  eguation  (11.4) 

3t-106^„,C|,  —  ' 

,  62  - 106  —  (VY„  ±  460  cos  <p)2  ‘  1  '  ’ 

Values  c„(a)  and  Kr(a)  a*e  given  in  Fig.  11.28.  For  calculation  of  load 

on  the  m2  of  surface  VKS  one  should  accept  cv,  appropriate  Krmox- 

The  task  of  the  selection  of  the  specific  wing  load,  necessary 
for  obtaining  of  acceptable  subsonic  characteristics  of  VKS  {mainly 
landing) ,  does  not  have  vital  differences  from  analogous  task  for  a 
usual  aircraft.  Figure  11,29  givesan  example  of  subsonic  aerodynamic 
characteristics  VKS  with  lifting  body. 

On  exterior  form  VKS,  essential  effect  exerts  aerodynamic 
heating.  Heat  transfer  rate,  which  enters  the  sheathing/skin  from 
boundary  layer,  as  is  known,  it  is  proportional  to  the  local 
coefficient  of  convection  heat  transfer  on  boundary/interface  an  air- 
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sheathing/skin  [see  equation  (11.35)],  which  depends  substantially  on 
the  sweepback  of  the  body  (during  an  increase  in  the  sweepback  the 
coefficient  of  heat  transfer  snarply  decreases.  Fig.  11.30). 

Therefore  all  speakers  into  the  flow  of  part  VKS  must  have  the  large 
sweepback  (from  these  considerations  the  control  surfaces,  therefore, 
must  not  be  deflect/diverted  to  large  angles) .  Sweep  angle  should  be 
accepted  not  less  than  70-75°. 



79052108 


Fig 4  11.28.  Hypersonic  aerodynamic  characteristics  VKS  with  lifting 
body  in  trim  position  center  of  gravity  (apparatus  VL-3A,  V=6080  m/s; 
H=6 0. 8  km). 


Fig.  11.29.  Subsonic  aerodynamic  characteristics  of  VKS  with  lifting 
body  (apparatus  VL-3  A;  s7T=  28,'i  n2;  s„r=9,7  m2) ;  with  wing; 

without  wing. 

Page  224. 

The  coefficient  of  convection  heat  transfer  near  critical  point 
depends  on  a  radius  of  the  nose  section  of  the  body.  Solving  together 
the  equation,  which  describes  heat  transfer  by  heat  radiation,  and 
the  equation,  which  describes  aerodynamic  heating  in  critical  point 
on  sphere,  it  is  possible  to  obtain  the  approximate  dependence,  which 
connects  a  radius  of  fcrebody  VKS  with  the  parameters  of  the 


hypersonic  flight 


_  0 ,000 19  ■  q  [(VI 1 000)2  +  Q  tsr,„J  1 000)2 

r~  ^(7-.,,  .11000)8 


(11.68) 
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where  r  -  a  radius  of  nose  section  m; 

q  -  velocity  head  in  the  undisturbed  flow  in  kgf/rn2; 

V  -  flight  speed  in  m/sj 

temperature  of  external  surface  in  °K; 

e  -  coefficient  of  tne  heat  radiation  of  material  of  nose 
section. 

During  the  design  of  exterior  form  VKS,  usually  are  examined  two 
systems  of  heat  shielding  from  aerodynamic  heating  -  ablation  and 
radiation.  It  considers  tnat  for  apparatuses  iCr<  1,3  advantage  in 
ratio  by  weight  has  the  ablation  system  of  heat  shielding,  whereas 
for  apparatuses  with  the  higher  value  of  hypersonic  lift-drag  ratio 
is  required  more  complicated  radiation  system.  Deserves  considerable 
attention  the  combined  heat  shielding,  when  ablation  system  is 
utilized  only  for  the  protection  of  lower  surface  VKS.  The  detachable 
lower  heat  shield,  covered  with  ablating  material,  shields  well 

construction/design  VKS  from  high  temperatures  on  lower  surface. 

As  an  example  of  the  combined  system  of  heat  shielding  can  serve 

the  system  of  heat  shielding  VKS  VL-3A  (Fig.  11.31  and  11.32). 


*/ r« a*  ■% rr*. ir--. 
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Fig.  11.30.  Dependence  of  the  coefficient  of  heat  transfer  in  the 
zone  of  leading  edge  on  sweep  angle. 
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Fig.  11.31.  System  of  heat  shielding  apparatus  LV-3A  (ablation 
coating  -  purple  mixture  NASA,  density  of  650  kg/i3;  thermal 
insulation  -  micro-quartz,  density  of  70  kg/  m3. 

Key:  (1) .  Maximum  temperature  in  °C.  (2) .  Thickness  of  thermal 
insulation  in  cm.  (3).  Thickness  of  ablation  coating  in  cm.  (4). 
Maximum  temperature  in  °C. 
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Page  225. 

The  given  in  present  chapter  recommendations  are  not,  of  course, 
the  comprehensive  material  according  to  the  design  of  the  aerospace 
aircraft.  Nevertheless  they  allow  in  the  period  of  the  preliminary 
design  of  apparatus  to  solve  many  important  problems. 

For  example,  is  required  to  design  the  multistage  flight 
vehicle,  capable  of  delivering  to  the  near  earth  orbit  H~~150  km  of 
10  cosmonauts  and  500  kg  of  load  (Gd’hbkc^ISOO  kg).  The  last/latter 
step/stage  of  apparatus  -  VKS  must  increase  orbit  altitude  to  500  km 
and  change  orbit  inclination  by  angle  to  7°.  With  return,  in  the 
process  of  hypersonic  gliding/planning,  VKS  must  fly  not  less  than 
16500  km  and  accomplish  lateral  maneuver,  reaching  in  this  case 
lateral  distance  La.6oH=4000  km.  Maximum  equilibrium  temperature  on  the 
surface  VKS,  not  shielded  by  ablation  coating,  must  not  exceed 
1400°C,  and  the  time  of  action  of  temperature  tyi000°c  must  not 
exceed  70  min.  It  is  required  to  determine  the  optimum  values  of  the 
basic  parameters  and  flight  characteristics  VKS  and  multistage  flight 
vehicle  as  a  whole.  As  fuel  in  the  engines  of  all  step/stages  to 
accept  liquid  hydrogen. 
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Utilizing  the  given  in  this  chapter  formulas  and  graphic 
dependences,  we  find: 


a)  the  aerospace  aircraft 


<S 


<?obkc  =  12  On.R.BKc= 0,125;  Pbkc=20  tc; 
,  0?.bkc=-352O  Krc;  (?t.bkc«0,3;  SBKc=52  m2 

i  (*>  ly) 

/,BKC=230  *rc/M2;  ^r=2;  V1k=7810  m/c; 

•  kV H=  109,4  m]c;  AVf=954  m/c^ 


Key:  (1).  t*  (2).  kg.  (3).  kgf/a*.  (4).  m/s. 


b)  the  second  accelerator 

(>) 


Oyi=ll,9  tc;  Py2=41  tc;  OT.y2=10,7  tc; 
^ct.>-2— 5255  m/c;  AKy2=2555  ttffi 


Key:  (1) .  t.  (2)  .  ta/s. 


c)  the  first  accelerator 


(O  (5  (7) 

Oyt—29,2  tc;  Pyt=90  tc;  (?T>yl=24,9  Td; 

^cT.yi=2700  m/c;  AVy i  =  2555  M/cf 


Key:  (1).  t.  (2).  tn/s. 


d)  the  hypersonic  carrier  aircraft 

(/)  .  (J) 

Gc.n—77,7  t;  Pch=P< j  =  7 6  tc;  Ot.c.h  —  33,8  ic; 

_  (i) 

0T.C.H =0,244;  Gt.c.k  =  0,411;  7t.c.h=1422  c;  M„„=9; 


Key:  (1).  t.  (2).  t.  (3).  s 


Fig.  11.32.  Construction/design  VKS  VL -3ft 


Key:  (1) .  Detachable  heat  snield. 
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